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Preface to the Sixteenth Edition 


A large fifteenth edition of 4 Class-book of Botany 
published in 1976 could hardly meet the demand of the. 
session in India and abroad, and the publisher had to issue 
a second impression in 1977, a third impression in 1978 
and a fourth impression in 1979. The current (sixteenth) 
edition is the product of further revision of the whole book 
with necessary additions and alterations in several topics. 
A new topic—some remarkable ‘flowering’ plants—has been 
introduced (see p. xxviii) as a matter of interest and gene- 
ral knowledge. A revised description of nucleic acids accom- 
panied by a new illustration has been given. Papilionaceae 
and Liliaceae have been further elaborated. Several small 
changes have been made throughout the text. Some old 
and none-too-clear illustrations have been replaced by new 
ones for better understanding of their structures. 


For many valuable suggestions the author offcrs his sin- 
cere and grateful thanks to Prof. C. S. Bhutada of G. S. 
College of Science, Khamgaon, Prof. S. Krishna Murty of 
D. A. V. College, Koraput, Prof. A. K. Ghosh of Calcutta 
University, Calcutta, Prof. I. Seshagiri Rao of S. K. B. R. Col- 
lege, Amalapuram, Prof. L. J. Dennis of Srimati Parvatibai 
Chowgule College, Margao (Goa) and to several others. 


The illustrations are mostly the author's original draw- 
ings and photographs, while the following ones have been 
redrawn from the publications of McGraw-Hill Book Com- 
pany, Inc., with their kind permission; . fig. 11/20 from 
Fundamentals of Cytology by L. W. Sharp, copyright 1943; 
figs. У/7, V/8 and V/97A-F from Cryptogamic Botany, 


vol. I by G. M. Smith, copyright 1938; and V/97G from 
Plant Morphology by A. W. Haupt, copyright 1953. Due 


acknowledgement is also made in the relevant portion of 
the text. 


Satribari Road 
Gauhati-8, Assam 


Preface to the First Edition 


This book, though intended primarily for the use of Inter- 
mediate and Medical students of Calcutta University and of 
the Dacca Board, covers somewhat wider grounds, and 
students of other universities, following the same or a slightly 
higher standard in the curricula, will find the book useful 
and instructive, Although the generally accepted methods 
of treatment have been followed, attention may be drawn to 
certain special features: 

l. The text has been illustrated with numerous simplc 
figures and explanatory diagrams drawn by the author him- 
self in most cases directly from objects which are typical and 
easily available. The figures and diagrams have been drawn 
with a view to a correct and easy appreciation of them. 

2. An attempt has been made to familiarize the students 
with the meanings of Latin and Greek prefixes and suffixes, 
and to trace the technical and scientific terms to their respec- 
tive Latin and Greek roots. This will enable the students 
to master the subject of terminology more easily. 

8. In many cases more than one example has been given 
to illustrate a particular form or feature. A large number 
of English and vernacylar names have been introduced to 
suit the convenience of students. Latin names have been 
followed by vernacular or English equivalents, or often by 
both. 

The author takes this opportunity of thanking Dr D. 
Thomson, M.A., BSc, Ph.D., LES, Principal, Cotton 
College, Gauhati, for the encouragement received from him 
in the course of the preparation of this book. For some of 
the drawings the author expresses his thanks to his pupils, 
Madhab Chandra Das and Gour Mohan Das. 


Cotton College 
Gauhati, Assam A. C. D 
June, 1929 
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INTRODUCTION 


l. Biology: botany and zoology. The science that deals 
with the study of living objects goes by the general name of 
biology (bios, life; logos, discourse or study). Since both 
animals and plants are living, biology includes a study of 
both. Biology is, therefore, divided into two branches: 

botany (botane, plant) which deals with plants, and zoology. 
(кооп, animal) which treats of animals. 


2. Origin and Continuity of Life. We do not know what 
life really is. It is something mysterious, and we are not in 
a position to define it. The origin of life is equally myste- 
rious. There is no doubt, however, that life came into exis- 
tence many millions of years ago in water (sea) asa droplet 
of protoplasm (protos, first; plasma, form), ie. first-formed 
living substance. But-how it did so has ever remained a 
mystery. Evidently divergent views have been expressed on 
‘this point from the time of Aristotle (384-322 B. C.), the 
great Greek philosopher, to the present day., The main 
views in this respect are as follows: (a) Life was created on 
the earth by Divine Power. This view, strong though for 
several centuries, had a background in all religions but 
had no experimental basis. (b) Spontaneous generation of 
life from non-living or inorganic materials as a result of 
certain chemical and physical changes in them under spe- 
cial circumstances. This is called abiogenesis (life from non- 
life). (c) The’ modern view, based on advanced knowledge 
of chemistry and physics, is that a soup of organic mole- 
cules of amino-acids, nucleic acids and other organic com- 
pounds (now known to be constituents of protoplasm) 
appeared first under special physico-chemical conditions. 
It may be reasonably assumed that the primitive earth was 
surrounded by a gaseous atmosphere of ammonia (NH,), 
methane (CH,), water vapour (H,O) and hydrogen (H,). 
Under the influence of ultra-violet rays and violent electric 
discharges as a source of energy they reacted with each other 
in a co-ordinated manner, leading to the synthesis of proteins 
(combination of amino-acids), nucleic acids (complex phos- 
phorus compounds), fats, sugars and other essential com- 
pounds, and acquired for the first time the properties of life, 
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possibly in the form of certain aquatic bacteria. This was the 
starting point of life. This, however, does not explain how 
life was infused into the soup of organic molecules. The 
next step is evolution, i.e, once life (protoplasm) came into 
existence it has gradually given rise to newer and more 
complex forms of plants and animals in successive stages 
through many millions of years. Life is thus one conti- 
* nuous flow. from the beginning to the present day in diver- 
gent lines. This is called biogenesis (life from life). Although 
. forms of life have changed, protoplasm has remained the 
same in both plants and animals. Protoplasm is not formed 
afresh in nature nor can it be created in vitro, and there- 
fore, no new life comes into being. 


3. Scope of Botany. 
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Both these functions are the monopoly of green plants, and 
are performed by certain minute green bodies or plastids 
(see fig. I) called chloroplasts (choros, green) of the leaf 
during the daytime, sunlight being the source of energy. 
Animals, being devoid of them, have no such power. It is 
evident, therefore, that animals including human beings are 
deeply indebted to plants for these basic needs, viz., oxygen 
for respiration and tood for nutrition. It may thus be rightly 
asserted that the existence of man would be unthinkable 
and as a matter of fact impossible without plants, 


5. Uses of Plants. Plants have an almost endless variety of 
uses for human beings. The primary needs of man are of 
„course threefold: food, clothing and shelter. All these are 
extensively furnished by the plant kingdom. The most 
essential need of man is, no doubt, food. This food pri- 
marily comes from plants in the form of cereals (rice, 
wheat, maize, barley, etc.) and millets (smaller grains) 
supplemented by’ pulses, vegetables; fruits, vegetable oils, 
etc. Dessert fruits and green leafy vegetables are rich sour- 
ces of natural vitamins and certain essential minerals 
required for proper nutrition of the body. Sugar as an uni- 
versal sweetener, and various spices as flavouring and 
seasoning materials are also products of plants. For clothing 
again plants are indispensable sources of fibres, coarse and 
fine, used for manufacture of various types of garments. 
Then again'shelter from sun and rain and protection 
against enemies have been sought after from time immemo- 
rial In this respect the value of house-building materials 
such as timber, wood, bamboo, cane, reed, ‘thatch grass, 
etc, is inestimable. With advance in knowledge man has 
tried to tap a variety of other plants for his comforts and 
many uses. Mention in this connexion may be made of 
medicinal (drug) plants, antibiotics (products of certain 
fungi and bacteria) beverages (tea, coffee and cocoa) as 
universal drinks, industrial fibres and oils, wood for furni- 
ture, boat-building, bridge construction, etc., cork, rubber, 
resin, turpentine, coal, firewood and a host of other pro- 
ducts. The aesthetic value of ornamental plants used for 
decorating houses and gardens, and avenue trees grown for 
shade and beauty cannot be underestimated, As a matter 
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only in the cytoplasm. (d) Food supplies necessary materials for growth 
and is an important source of energy. By oxidation of various food 
substances such as carbohydrates (particularly glucose), proteins and fats 
the potential chemical energy stored in them is released to ADP which 
becomes ATP to act in the usual way. Food is initially formed by green 
plants, and animals including human beings make use of it, Thus there 
is a flow of energy from sunlight to green plants to animals, and ulti- 
mately it is released from their bodies on death by the action of sapro- 
phytic bacteria and fungi. 


7. Celle. Cells are the structural units of which the body 
of the plant or animal is composed. When the cell was first 
discovered by Robert Hooke in 1665 in a thin slice of bottle 
cork, it was regarded as a mere microscopic chamber bound- 
ed by a distinct wall—cell-wall. Much later, however, about 
the year 1838-39, Schleiden—a German  botanist—and 
Schwann—a German zoologist—discovered for the first time 
that a living substance, ie. protoplasm, filled up the cell. 
A tiny spherical body, i.e. the nucleus, was also found lying 
embedded in the protoplasm. With rapid improvement of 
the microscope, attention was focused on these two bodies 
and their functions soon came to be known. It was soon 
recognised that the protoplasm and the nucleus were the 


PLASMA MEMBRANE 


PROTOPLASM 
MITOCHONDRION 


Fic. I. A plant cell and an animal cell, 


most important parts of the cell, and. the cell-wall a mere 
by-product of the protoplasm and a structure of secondary 
importance. On the above basis the cell is defined as a unit 
or independent mass of protoplasm with a nucleus in it, 
enveloped by a distinct cell-wall in the case of a plant but 
only a thin membrane (plasma membrane) in the case of an 
animal. The whole body of the plant or the animal is-made. 
of such cells. Cells, when young, are commonly spherical ог 
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oval in shape, but as they grow they assume different Shapes 
and perform different functions. 


8. Tissues. In pursuance of a particular function cells 
similar in shape and size arid having the same origin com- 


9. Protoplasm, Protoplasm is the first-formed living sub- 
stance and is a very delicate and complicated one. It is the 
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expands again when the stimulating agent is removed. This 
response to stimuli is an inherent power of protoplasm. 
Protoplasm is semi-permeable in nature, i.e. it allows only 
certain substances and not all to enter its body. This pro- 
perty is, however, lost when the protoplasm is killed. Under 
normal conditions the protoplasm of a living cell is in a 
state of motion which can be seen under a microscope. 


Chemical Nature of Protoplasm. Chemically protoplasm 
is a highly complex mixture of a variety of chemical sub- 
stances of which proteins are the chief. All plant proteins 
are composed of carbon, hydrogen, oxygen, nitrogen, and 
sulphur, and sometimes also phosphorus. A complex type 
of protein called nucleoprotein is constant in the cytoplasm 

-and the nucleus. Nucleoprotein is composed of phosphorus- 
containing nucleic acids (see p. 151) and certain. specific 
types of proteins. The exact chemical composition of the 
living protoplasm, however, cannot be determined because 
any attempt to analyse it kills it outright with some un- 
known changes in it. Besides, it undergoes continual 
changes and its composition is not, therefore, constant. 
‘Further, it is not possible to get the protoplasm in a pure 
state free from foreign bodies. Analysis of the dead proto- 
plasm reveals a long list of elements present in it. Of 
“these oxygen (О), carbon (C), hydrogen (Н) and nitrogen 
(N) are most abundant. Other elements present in smaller 
quantities are: chlorine (Cl), sulphur (S), phosphorus (P), 
silicon (Si); calcium (Ca), magnesium (Mg), potassium (K), 
iron (Fe) and sodium (Na); still others are present in mere 
traces, and these are called 'trace' elements (see p. 238). 
Active protoplasm contains a high percentage of water— 
usually varying from 75% to 90%. Leaving out this water 
the solid matter of the protoplasm contains the following: 
proteins—40-60%; fats—12-14%; carbohydrates—12-14%; 
and inorganic salts—5-7%. 


, 


10. Characteristics of Living Objects. Life is something 
mysterious and we are not in a position to define it, All 
living objects have, however, certain characteristics by which 
they can be distinguished from the non-living. These are as 
follows: 
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in. their breaking down, ending in the formation of a 
variety of chemical substances. 


(7) Nutrition. A living organism requires to be supplied 
with food. Food furnishes the necessary materials for nutri- 
tion and growth, and is a source of energy. Food materials 
nourishing the plant body or the animal body are much 
the same in both. 


(8) Growth. All living objects grow. Some non-living 
bodies may also grow, as does a crystal. But there is differ- 
ence in the mode of growth between the two. The growth 
of the non-living objects is external, ie. new particles are 
deposited on the external surface of their body from outside 
and as a result they grow; while in living objects, the 
growth is internal, i.e. it proceeds from within, new particles 
being secreted by the protoplasm in the interior of their 
body. Further, in living bodies the growth is the result of 
a series of complicated processes, both constructive and 
destructive. 


(9) Movements. Movements are commonly regarded as a 
sign of life. Movements in most plants are, however, res- 
tricted, as they are fixed to the ground; while most animals 
move freely. Moving plants and fixed animals are not, how- 
ever, uncommon among the lower organisms. Movements 
in plants and animals may be spontaneous or induced. 


(a) Spontaneous movement is the movement of an organ- 
ism or of an organ of a plant or an animal of its own accord, 
Le. without any external influence. This kind of movement 
is regarded as a characteristic sign of life. Spontaneous 
movement is evident in animals with the development of 
organs of locomotion; while in plants it is exhibited by 
many unicellular and filamentous algae. Among the ‘flower- 
ing' plants the best example of spontaneous movement is 
the Indian telegraph plant (Desmodium gyrans; see fig. ` 
111/30). Besides, the movements of protoplasm (see fig. 11/4) 
are distinctly visible under the microscope. 


(b) Induced movement or irritability, on the other hand, 
is the movement of living organisms or of their organs in 
response to external stimuli. Protoplasm i$ sensitive to a 
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Leaflets of sensitive plant (Mimosa pudica; see fig. III /36) 
and sensitive wood-sorrel (Biophytum Sensitivum; see fig. 
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Living 


(5) Metabolism. Metabolic changes 
(constructive and destructive) are 


a characteristic sign of life. 


(6) Nutrition. Nutrition through 
food is a regular featurc in all living 
organisms. 

(7) Reproduction, All living objects 
reproduce periodically by one or 
more methods for continuation of 
the species. 

(8) Growth. Growth in living ob- 
jects is internal, ise. it proceeds 
from within the cell as a result of 
metabolic changes. 


(9) Movement, Spontaneous move- 
ment is a characteristic sign of life 
—either movement of protoplasm 
or of an entire organism or of some 


Non-living 


(5) No such changes are found in 
non-living objects. Chemical change, 
if any, in them is uncertain and 
irregular. 

(6) Non-liying objects require no 
food. Natural wear and tear cannot 
be made good by a supply of food. 
(7) Non-living objects cannot re- 
produce their own kind, They may, 
however, break down mechanically 
into some irregular picces. 

(8) Growth, if any, in non-living 
objects is external, i.e. it proceeds 
on the external surface only; no 
metabolic change is involved in this 
process. 

(9) Such a movement.is never ex- 
hibited by non-living objects. The 
latter, however, can be made to 
move by some external forces, natu- 


of the organs. © ral or mechanical. 


12. Distinctions between Plants and Animals. Higher 
plants and higher animals are readily distinguished from 
one another by their possession of distinctive organs in both 
cases for the discharge of definite functions; but it is very 
difficult to make -a distinction between unicellular plants 
and animals. The distinguishing features in general are, 
however, as follows: 

(1) Cell-wall and Cellulose. While both plants and 
animals are cellular in composition, a plant cell is sur- 
rounded by a distinct cell-wall made of cellulose or any 
modification of it. Pure cellulose is not, however, found in 
fungi. The cell-wall and cellulose are always absent in an 
animal cell. The latter is surrounded by a thin cytoplasmic 
membrane called the plasma membrane. 


(2) Chlorophyll. Chlorophyll, the green colouring matter 
of leaves and tender shoots, is highly characteristic of plants 
with the exception of fungi and total parasites. Chlorophyll 


4s contained in special protoplasmic bodies, called plastids 


(see fig. D. which often occur in large numbers in a cell. 
Chlorophyll and plastids are conspicuous by their absence 
in animal cells. Some animals may, however, turn green in 
colour by feeding upon green parts of plants. 
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18. Binomial Nomenclature. In classifying plants and ani- 
mals Linnaeus, a Swedish naturalist, first introduced (1735) 
a system of designating each and every species of plant or 
animal with a binomial consisting of two parts—the first 
refers to the genus and the second to the species. A species 
is defined as a group of individuals—plants or animals— 
resembling one another in almost all respects, differing only 
in minor details. A genus is a group of closely allied species. 
This system of naming a plant or an animal with two parts 
(genus and species) is called binomial nomenclature. Since 
the popular name of a species varies from country to country 
this system of naming plants and animals has been univer- 
sally accepted as the correct scientific system. ‘Thus mango 
is designated as Mangifera indica, pea as Pisum sativum, 
onion as Allium cepa, garlic as Allium sativum, etc. 
14. Main Groups of Plants. There are two main divisions 
of the plant kingdom, viz, eryptogams and phanerogams. 
Cryptogams are lower plants which never bear flowers or 
seeds; while phanerogams are higher plants which always 
bear flowers and seeds. So cryptogams are regarded as 
‘flowerless’ or ‘seedless’ plants, and phanerogams as 'flower- 
ing' or 'seed-bearing' plants. 

A. Cryptogams. The main groups of cryptogams from 
the lower types to the higher are the following: 

(1) Thallophyta. Thallophyta are lower cryptogams in 
which the plant body is not differentiated into the root, 


Fic. II. Forms of Algae. A, Protococcus—uniccellular and green; B, Chlamy- 
domonas—unicellular, green, ciliate- and motile; C, Spirogyra— 
filamentous and green; and D, Oscillatoria—filamentous and 
blue-green. 
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‚ оп moist ground and on bark of trees forming a sort of 
beautiful green carpet, and are more complicated and more 
advanced than the Thallophyta. There are two groups of 
Bryophyta: (a) Liverworts or thalloid Bryophyta, e.g. Riccia 
(fig. IVA) and Marchantia (fig. IVB) and (b) Mosses or leafy 
Bryophyta, e.g. true mosses (fig. IVC). 


(3) Pteridophyta are the highest group of cryptogams in 
which the plant body is differentiated into an underground 


Fic. IV. Forms of Bryophyta and Pteridophyta. A, Riccia and: 
B, Marchantia—two thalloid bryophytes; C, moss—a leafy bryo- 
phyte; D, fern—a pteridophyte. 


horizontal stem (rhizome) or an erect stem, well-developed 
green leaves and true roots. The plant body is more com- 
plicated with the development of conducting and mechanical 
tissues, Pteridophyta are more advanced than Bryophyta. 
They bear spores on their leaves by which they reproduce 
and multiply. Ferns (fig. IVD) and relatives are the com- 
mon groups. 

B. Phanerogams or Spermatophytes. These are 'flower- 
ing’ or ‘seed-bearing’ plants. Their two main characteristics 
are: (1) formation of pollen-tube for facility of fertilization, 
and (2) production of seeds for reproduction, multiplica- 
tion, and efficient protection of the embryo. Phanerogams 
are the most advanced types of plants with the reproduc- 
tive shoot modified into a flower (simple or complex), and 
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(2) Histology (histos, a cobweb). The study of detailed 
structure of tissues making up the différent organs of plants, 
as revealed by the microscope, is called histology. The 
study of gross internal structure of plant organs by the 
technique of section-cutting is called anatomy (ana, asunder; 
temnein, to cut). Cytology (kytos, cell) dealing with the 
cell-structure with special reference to the behaviour of the 
nucleus, particularly of the chromosomes (see pp. 174-80), 
is a newly established branch of histology. 

(3) Physiology (physis, nature of life). This deals with 
the various functions that the plants perform. Functions 
may be vital or mechanical; vital functions are performed 
by the living matter, i.e. the protoplasm, and the mechani- 
cal functions by certain dead tissues without the intervention 
of the protoplasm; as, for example, bark and cork protect the 
plant body, and certain hard tissues strengthen it. It is to 
be noted that structure and function are correlated, i.e. a 
particular structure develops in response to a particular 
function. 

(4) Ecology (oikos, home). This deals with the interrela- 
tionships between the living organisms (plants and animals) 
and their environment which includes all the conditions 
surrounding them. 

(5) Taxonomy or Systematic Botany (taxis, arrange- 
ment). This deals with the description and identification 
of plants, and their classification into various natural groups 
according to the resemblances and differences in their mor- 
phological characteristics, 

(6) Organic Evolution. This'deals with the sequence of 
descent of more complex, more recent and more advanced 
types of plants and animals from the simpler, earlier and 
more primitive types through successive stages in different 
periods of the earth. 

(7) Genetics. This deals with the facts and laws of in- 
heritance (variation and heredity) of characters from one 
generation to another. 

(8) Palaeontology. This deals with the remains of ancient 
plants and animals preserved in rocks in the form of fossils 
(fossilis, dug out). Fossils give us an idea about the forms 
of plants and animals that existed in different geological 
periods of the earth, and also help us to trace the line of 
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Oldest Trees. World's oldest living specimen is a tall cycad-like tree of Macrozamia 
in the Tambourine Mountain of Australia —over 10,000 years; big cypress tree 
of Calitornia —6,000 years; dragon's blood — 6.000 years, baobab tree— over 
5,000 years; bristlecone pine (Pinus longaeva) in East California — 4,600 years or 
more; mammoth tree—3,500 years or more; giant redwood tree—somewhat 
shorter-lived; some species of Cupresus, Juniperus, Taxus and Taxodium — 2-3.000 
Peepul (Ficus religiosa) — 2-3,000 years: Himalayan cedar or deodar— 1.000 
у Euculyptus— 300 years, ctc. It may һе of special interest to note that maiden- 
hair tree (Ginkgo biloba), a big tree first found in East China (later widely culti- 
vated in China and Japan; still later in Europe and America; also planted in some 
gardens in India), is the oldest living species in the world. It originated in the 
Permian (280 million years ago, possibly carlier), spread widely in the Jurassic 
(180 million years ago) and has survived till today — a living fossil. indeed. 

Largest Cacti. Giant cactus (Cereus giganteus) in North America —91m. high, 
C. peruvianus in South America— 12m. high, C. grandifloris and C. triangularis in 
West Indies (cultivated and wild in India) climb tall trees and reach their tops. 

Largest Orchids. Giant orchid (Grammatophyllum speciosum) in Malayasia— stem 
2-3m. high and raceme 1.5-2m. high (specimens up to a total height of 7.6m 
have, however. been recorded); Galeola falconen in Arunachal — the stout inflo- 
rescence axis (growing from the stout rhizome)—3m. high. 

Largest Leaves. Certain feather-palms like Raphia ruffia in Madagascar and 
R. taedigera in South America bear the largest leaves known 20m. in length; 
giant aroid (Amorphophallus titanum) in Sumatra bears annually a single large 
pedate leaf —3-4m. across, on a stout stalk — 3m. high. 

Giant Water Lily (Victoria amazonica= V. regia) is a very handsome aquatit 
plant of the Amazon River in Brazil, with its huge circular tray-like floating 
leaves— 2m. in diameter (see p. 310); the margin of each leaf is turned up, while 
the undersurface of the blade trongly veined and armed with rigid spines for 
strength and self-defence. The plant is cultivated at the Indian Botanic Garden 
near Calcutta. 

Pitcher Plant (Nepenthes khasiana) is an interesting carnivorous plant of the 
Garo Hills and the Jaintia Hills of Meghalaya (N.E.India). It isa climbing shrub. 
In it the leaf-blade takes the curious form of a pitcher with a lid — 10-290 cm. or 
even more in height, meant to capture insects and small animals and digest them 
for protein food (sec pp. 72 and 972). Malayasia (mainly Borneo) is, however, the 
natural abode of Nepenthes (numbering 67 species), with the extension ol certain 
species (mostly ] in each case) to N.F. India, Madagascar. Ceylon, South China, 
Australia and also elsewhere. ‘There are other types ol pitcher plants alsojall 
small herbs, e.g. Cephalotus in West Australia. Darlingtonia in California and- 
Sarracenia in North America. 

Largest Flowers. Rafflesia arnoldi, root-parasite in Malayasia, bears the largest 
flowers in tbe world--50 cm. in diameter und 8 kg. in weight (see р. 9); Supria 
himalayana, a relative of Rafflesia and а similar root- parasite in Arunachal and 
Nagaland — 15-30 cm. in diameter; and Magnolia griffithii in Assam — I5cm. in 
diameter. It may be noted that talipotpalm (Corypha umbraculifera), a tall lan-palm 
of South India and Ceylon, produces a huge terminal inflorescence known to 
be the largest—6-8m. high. The tree is mouocarpic like Agave and some bamboos, 
i.c. it dies after once flowering and fruiting. Flowers are bisexual. 


^ CLASS-BOOK OF BOTANY 


e Seychelles — 


Families: orchid family (Orchidaceae) 
—20,000 sp.; sunflower family (Compositae) — 14,000 5р.; legume family 


Sp.; spurge 
adder family (Rubiaceae)— 
(Compositae) 9 500 sp 


rv Sp. each; Solanum 
(Solanaceae)—1,500 SP. Eupatorium (Compositae), mostly American— 
1,200 sp.; Vernonia (Composite 7 


) Eugenia (Myrtaceae) mostly American 
and Pleurothallis (Orchidaceae) so 
other hand there are a 


"790 sp.. each. On the 

few monotypic families With 1 genus and 1 spe- 
cies, e.g. Trichopodaceae (Trichopus)—a rigid herb in So! 1 
пасеае (Nandina) 4 shrub in China and Japan (planted in Shillong); 
Cephalotaceae (Cephalotus) 4 small pitcher i 
Pteridophyllaceae (Pteridophyliu 
etc. In India th 
(1,183 sp.); i 


n Plants, Wolfia erring and W, microscopica of the duckweed 
family (Lemnaceae) are the Smallest known “fl 
Tootless floating Plants as шпа! 


lowering’ plants; they are 
as pin-heads, evidently 


bearing minutest 
Smallest Seeds, Orchids bear the smallest Seeds in the Vegetable king- 
dom; the ti СОЗ, each with a microscopic embryo, are like particles 
of dust borne in millions in each capsule. When the capsule bursts the 
seeds puf of li der, 
Lightest Wood. The wood of balsa or Corkw, 
h Ооа (Ochroma ramidale 
=0. lagopus, family Bombacac, а tall tree of Cei tn Wi 
to be th ligh 


] A Weighing only 119 kg, cu 

mon heaviest Wood of iron-wood gs 
India and ebony (Diospyros ebenum; 

weighing 1190-1246 k 5 і 

(Olea laurifolia; 

wood i 


m COW's milk; it tastes 
olesome. imüsops elata famil Sapota- 
“tree of Brazil; its milky latex has the xm use, 


PART I MORPHOLOGY 


CHAPTERI Diversity of Plant Life 

There are not only immense numbers of plants but they also 
show diversities in various directions—habitat, habit, forms 
and types, duration of life, mode of nutrition, etc. Many of 
them have also developed special (modified) organs for the 
discharge of special functions. Diversity is a special feature 
of the biological kingdom. 

Habitat. The habitat is the natural home of a plant. Each 
habitat has its own factors, viz. a particular type of climate 
(rainfall, heat, wind, and light) and a particular type of soil 
(soil-water, its physical and chemical nature), and it has its 
own characteristic flora. Thus certain plants grow in the fresh 
water of ponds, lakes and rivers, forming what is called the 
aquatic flora, e.g. water lily, lotus, bladderwort, duckweed, 
water lettuce, Vallisneria, Hydrilla, etc. Close to a pool of 
water a group of moisture-loving plants are seen to grow, e.g. 
many grasses, aroids, mosses and ferns. In the saline water 
of salt lakes and seas an altogether different type of vegeta- 
tion is seen. Life, however, is harder on land with varying 
climatic conditions and with different types of soils. In very 
dry regions or deserts cacti and similar plants form the domi- 
nant flora. In dry fields in winter certain weeds make their 
appearance, while in the same fields during the rains 
another set of weeds appear. In places with heavy rainfall 
evergreen forests grow up, while in places with moderate or 
low rainfall deciduous forests are seen. Then again at high 
altitudes certain other types of plants are found, e.g. oak, 
birch, pine, deodar, fir, etc. Still higher up, as in the Hima- 
layas, certain types of stunted shrubs and small herbs only 
grow. It is thus evident that particular habitats suit parti- 
cular types of plants. 

Habits of Plants. The nature of the stem, the height of 
the plant, its duration and mode of life determine the habit 
of a plant. In habit plants show considerable diversities, 
Commonly the following terms are used to indicate the 
general habits of plants. 

(1) Herbs are small plants with a soft stem. They may vary 
from a few millimetres to metre or so in height, e.g. duck- 
weed, mustard, radish, sunflower, ginger, Canna, etc. (2) 
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Shrubs are medium-sized plants with a hard and woody 
stem, often much-branched and bushy, e.g. China rose, gar- 
den croton, night jasmine, D 


uranta, etc, (3) Trees are tall 
plants with a clear, hard and 
Casuarina (B. & H. JHAU), etc. 
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Duration of Life. The life of an individual plant is 
always limited in duration. Herbs have a short span of life. 
Those herbs that live for a few months or at most a year are 
said to be (1) annuals, c.g. rice, wheat, maize, mustard, potato, 
pea, etc. They grow and produce flowers and fruits within 
this period and then die off. Some herbs may live for two 
years; such plants are said to be (2) biennials. They attain 
their full vegetative growth in the first year and produce 
flowers and fruits only in the second year after which they 
die off, e.g. cabbage, beet, carrot, turnip, etc. (in a tropical 
climate these vegetables, however, behave like annuals), 
Some herbs continue to grow from year to year with a new 
lease of active life for a few months only; the aerial parts of 
such plants die down every year after flowering or in winter, 
and a fresh life begins after a few showers of rain when the 
underground stem puts forth new leaves. Such plants are 
said to be (3) perennials, e.g. Canna, ginger, KACHU (taro), 
onion, tuberose, etc. Shrubs generally live for a few years. 
‘Trees, however, have the greatest longevity. Thus sal tree, 
teak, wood-oil tree, pines and certain palms (e.g. talipot palm) 
live for 100-150 years; Eucalyptus for 300 years; some coni- 
fers (pine-like trees) live for 2-3,000 years or even more; 
baobab tree and dragon’s blood are specially remarkable for 


;their longevity; their age in some cases has been estimated 


to be 5-6,000 years. [Sce p. xxix]. 

Climbers. Climbers usually develop special organs of attach- 
ment by which they cling to neighbouring objects for the 
support of their body and for aid in climbing. Several clim- 
bers, eg. the twiners, also climb by bodily twining round 
some support. Climbers may be of the following kinds: 


(1) Rootlet Climbers. These are plants which climb by 
means of small adventitious roots given off from their inner 
side or from their nodes as they come in contact with a sup- 
porting plant or any suitable object. Such roots either form 
small adhesive discs or claws which act as holdfasts or they 
secrete a sticky juice which dries up, fixing the climbers to 
thcir'support. Examples may be seen in Indian ivy (Ficus 


pumila; fig. 1), ivy (Hedera helix), Piper (e.g. betel, long 


pepper, etc.), Pothos, Hoya, etc. 
(2) Hook Climbers. The flower-stalk of Artabotrys (B. & 
H. KANTALI-CHAMPA) produces a curved hook (fig. 2C) which 
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helps the plant to climb. Often prickles and sometimes 


thorns are curved and hooked in certain plants. Thus in 
cane (Calamus; fig. 3A) a long slender axis beset with nu- 
merous sharp and 
curved hooks is pro- 
duced from the leaf- 
sheath in „addition 
to numerous pric- 
kles on it. Climb- 
ing rose (fig. 3B) is 
provided with nu- 
merous curved pric- 
kles for the purpose 
of climbing (and 
also for self-defence). 
Glory of the garden 
(Bougainvillea; fig. 
2A) and Uncaria 
(fig. 2B), both large 
climbing shrubs, pro- 
duce curved hooks 
(thorns) which are 
used as organs of 
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(8) Tendril Climbers. These are plants which pro- 
duce slender, leafless, spirally-coiled structures known as 


"А 
Prickle Climbers, ric. 3. A, сапе; В, rose. 


tendrils, and climb objects with the help of them; tendrils 


Tendril Climbers. ric. 4. A, passion-flower; B, pea (Pisum); 
C, wild pea (Lathyrus). T, tendril, 


twine themselves round some neighbouring object, and 
help the plants tò support their weight and climb easily. 
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Leaf Climbers, FIG, 5, B, glory lily (Gloriosa); 
C, pitcher plant (Nepenthes; 82) 


See also fig. 
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Special Types of Plapts. Depending on the mode of nutri- 
tion plants may be divided into the following special types. 
All green plants prepare theif own organic food, particularly 
carbohydrates, mostly:in their leaves, from the raw or in- 
organic materials absorbed from the soil and the air, and 
nourish themselves with their own food; such plants are said 
to be autophytes or autotrophic plants (autos, self; phyton, 
plant; trophe, food) or self-nourishing. Non-green plants on 
the other hand cannot prepare their own carbohydrate food 
and thus they draw it (together with other kinds of food) 


from different sources, i.e. their modes of nutrition are diffe- 


rent; such plants are said to be heterophytes or hetero- 
trophic plants (heteros, different) and they are either ,para- 
sites or saprophytes. "There are other types of plants whose 
mode of nutrition is somewhat peculiar. All such types of 
plants are as follows. 


(1) Parasites. Plants that grow upon other living plants 
(or on animals) and absorb necessary food materials, wholly 
or partially, from them are called parasites. Among the 
‘flowering’ plants there are different degrees of parasitism. 


Fic, 6. A, dodder (Cuscuta)—a total stem parasite; B, a section through 
dodder (and the host plant) showing the sucking root (haustorium). 
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PART I 
Some are total Parasites and others 


“аге partial parasites. 
Te never green in colour as they absorb all 
their food from » €g. dodder (Cuscuta; B. 
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(2) Root-parasites : (a) total—broomrape (Orobanche), Balanophora, Raf- 
fiesia, etc. Broomrape, com- 
mon in Bihar and Uttar Pra- 
desh, is parasitic on the roots 
of some field crops like mus- 
tard, potato, tobacco, brinjal, 
etc., Balanophora on the roots 
of some forest trees in the 
Khasi Hills, and Rafflesia on 
the roots of Vitis, figs, etc., 
in Sumatra and Java; (b) par- 
tial—-sandalwood tree in My- 
sore, and Striga on the roots 
of some field crops in Mysore 
and Maharashtra. 

It is interesting to note that 
Rafflesia arnoldi (fig. 9) bears the biggest flower in the world.- It measures 
50 cm, in diameter and weighs 8 kg. Another point of interest is that its 
stem and root are reduced to a network of slender threads which penetrate 
into the root of the host plant, ramify through it and draw its nutriment 
from it. Here and there, the thread-like stem bears above ground flowers ч) 
of this gigantic size. The flowers are unisexual. Another interesting total 
parasite is Sapria found in the hills of Arunachal and Nagaland, It is 
allied to Rafflesia and Wears the biggest flower in India measuring 15-30 cm. 
in diameter. 


FIG. 8 Mistletoe-—a partial stem-parasite. 


(2) Saprophytes (sapros, rotten; phyta, plants). These are 
plants that grow in soils rich inzdecaying organic substances 
of vegetable or ani- i 
mal origin, and de- 
rive their nutriment 
from them. They 
are поп-ртееп in 
colour. Among the 
‘flowering’ plants 
Indian pipe 
(Monotropa; fig. 10) Fic. 9. Raffiesia—a total root-perasite. 
and some orchids 
afford good examples of saprophytes. Monotropa grows in 
the Khasi Hills at an altitude of 1.800-2.500 metres, Total 
saprophytes are colourless; and the partial ones are green in 
colour. Their roots become associated with a filamentous 
mass of a fungus which takes the place of and acts as the 
root-hairs, absorbing fáod material from the decomposed 
organic substances present in the soil. The association of a 
fungus with the root of a higher plant is otherwise known 
as mycorrhiza, 
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(3) Epiphytes (epi, upon; phyia, plants). These = du 
that grow attached to the stem and branches of othe р не 
d but do not suck them, i.e. do not al : 
food from them as do the Parasites, They 
are green in colour. Many orchids, e 
Vanda (B. & Н. RASNA — see fig. 42A) а 
epiphytes, They absorb moisture fro E 
the air and from trickling rain-wate 
by their hanging roots, and draw food 
from the humus that collects at the base 


of -such plants by their absorbing roots. 


e hanging root h 
special tissue, usuall 
i lamen (see fig. 42B), 

- Several mosses 


97 pip, Ae called symbionts, and the relation- 
FIG, + indian pipe ч ы $ 
(Monotropa)—a ship between the 
saprophyte, 


and common] 


ns of algae and fungi, 
Y occur as thin Tound greenish patches on 
tree-trunks and old walls, Th i 
Prepares food and 


€ alga in a lichen being green 


shares it with the fungus, while the latter 


the surrounding 


А Я ering? Plant 
rigs division of labour (i.e, distribution of work) 
SH Primarily differentiated into the under- 
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ground root system and the aerial shoot system. The former 
consists of the main root and the lateral roots, while the lat- 
ter is differentiated into distinct organs. such as the stem, 
branches, leaves and flowers (fig. 11). Of these the roots, 
stem, branches and leaves are called vegetative parts, and the 
flowers called reproductive parts. These organs have their 
respective functions and thus contribute to the life, existence 
and well-being of the plant as a whole, and to the continua- 
tion of the race. 

Vegetative Parts. The root system normally lies under- 
ground and consists of the main root and the lateral roots. 
Each such root is tipped by a cap, called the root-cap, which 
protects the tender growing apex; a little higher up the root 


GYNOECIUM 
STAMEN: SEPAL 


POLLEN 
ANTHER || GRAINS 


LATERAL 
ROOT 
ric. ll. Parts of ‘flowering’ plant (mustard plant). 


Bears a cluster of very fine and delicate hairs, called the root- 
hairs.: The root system as а whole has two primary func- 


called the petiole, and a flat ER 
expanded portion, the le; (or lamina) which is in 
Spersed by numerous vei 


` 272€ Second whorl, 
: ed, is-calleq the coroll 
er of it a pet ST 


Ae corolla attracts insects from a distance 
by its bright colour, 1е third whorl of 
male whorl, called t e 


orl, called the Bynoecium (gyne. 

each mem} т of it à carpel. The gynoecium 

may be made of one or More Carpels, frequently two, united 
Ог free, In Mustard flower (fig. there are two carpels 
united together. Fach t N bears On its top a Case, called 
the anther Which Contains 4 mass of fine Powdery or dust- 
like Brains. the ollen 8. The BYnoecium has à cham 
ber at its 56, called the » Which encloses Some minute 

Ut comp] BB-like bog — the 9vules, сас 


h with an egg. 
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cell or ovum in it (see fig. 131). The top of the gynoecium 
is called the stigma. 


Fruit, Seed, and Embryo. Some time after the pollen grains 
are carried over to tlie stigma, commonly by insects or wind 
(see pollination, chapter 10), the following important chan- 
ges are noted: the ovary develops into the fruit, the avule 
into the seed, and the egg-cell into the embryo. Later as the 
seed germinates, the embryo grows into a seedling. 


CHAPTER 3 The Seed 


Seeds soaked in water for a few hours or overnight should be 
studied by proper dissections under a simple microscope. 


PARTS-OF A GRAM SEED (fig. 12) 


l. Seed-coat. T'he seed is covered by a brownish coat known 
as the seed-cout. It is made up of two layers or integuments, 
the outer one being called the testa and the inner one the 
tegmen. The testa is brownish in colour and is comparatively 
thick; while the tegmen is whitish, thin and membranous; 
it is fused with the testa. The seed-coat affords necessary pro- 
tection to the embryo which lies within. On one side of the 
sced, lying above its prójected end, a small oval depression 
may be seen; this is known as thé hilum. The hilum repre- 


FIG. 12. Gram seed., A, entire seed; B, embryo (after removal of the seed- 

coat); C, embryo with the cotyledons unfolded; and D, axis of embryo. S, 

seed-coat; R’, raphe; H, hilum; M, micropyle; C, cotyledons; R, radicle; 
and P, plumule. 


sents the point of attachment of the seed to its stalk. Just 
below the hilum a very minute slit may be seen; this minute 
slit or opening is known as the micropyle (mikros, small; 
pyle, a gate). When the soaked seed is gently pressed, water 
and minute air-bubbles are seen to escape’ through it. Above 
the hilum the stalk is continuous with the seed-coat formin 

a sort of ridge; this ridge which is fused with the testa 
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is called the raphe. Throu 
the embryo. 


PART 1 
gh the raphe food is supplied to 


the seed-coat, is the embryo o 


called (i) the radicle (a little root), while the other end 
in between the two Cotyled 


lying 
(plumula, a small feather). 


as (ii) the plumule 


es, and as such it looks 
- As the seed germinates 
the radicle gives rise to the root a 


nd the plumule to the 
shoot. Cotyledons store up food Material, 


— : is t H ? n 
Gram Seed_| seed-coat with testa, hi 


lum, micropyle, ra 
—embryo_ jae with ra 


dicle and plumule, 
—otyledons—9, fleshy, laden with food, 
PARTS OF 4 PEA SEED (fig. 13) 
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s called t 
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; it comes 
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FIG. 13. Pea seed. » entire seed; g Seed-c i i i Е 
; B, “Coat with hilu; d micropyle; 
qi bn (after removal of the Seed-coat); D, embryo ith ithe cotyledons 
Unfolded. s, setd-coat—testa (it encloses а thin membranous tegmen); M, 
micropyle; H, hilum; R, Tadicle; C, cotyledons; p, plumule. 
pc is deus thin, hyaline and membranous; this inner coat 
E € tegmen, T Seed-coats give necessary protection 
F туо which lies Within, One side of the testa a 
narrow, e Ongated scar г Presenting he 
the seed to its stalk tinct i 
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Close to the hilum situated at one end of it there is a minute 
hole; this is the micropyle. On germination of the seed the 
radicle comes.out through it. Continuous with the hilum 
there is a sort of ridge in the testa; this is the raphe. 


2. Embryo. The whole whitish body, as seen after remoy- 
ing the seed-coats, is the embryo. It consists of (а) two fleshy 
cotyledons or seed-leaves and.(b) a short curved axis to 
which thé cotyledons remain attached. The portion of the 
axis lying outside the cotyledons, bent inwards and directed 
towards the micropyle, is (i) the radicle, while. the other por- 
tion of the axis lying in between the two cotyledons is (ii) the 
plumule. The plumule is crowned by some minute young 
leaves. The radicle gives rise to the root, the plumule to the 
shoot, and the cotyledons store up food material. 

pe se fa ea eee E 

—embtyo—| cotyledons2):fleshy, laden with food: 


PARTS OF A COUNTRY BEAN SEED (Fig. 14) 


l. Seed-coat. The country bean seed (Dolichos lablab; B. 
SHIM; Н. SEM) is more or less oval, and is covered by a black- 
ish or reddish, hard seed-coat. The seed-coat consists of two 
layers fused together, the outer one being known as the testa 
and the inner one the tegmen, At one edge of the seed-coat 
there is a whitish, elongated ridge; this ridge is called the 
raphe. At the basal portion of the raphe there. is a distinct 


fig. 14. Country bean seed. M; micropyle; S, 2eed-cvat; H, hilum; 
R, radicle; C, cotyledons; P, plumule. 


broad scar; this is the hilum. At the other end of the raphe 
away from the hilum there is a minute but distinct hole; this 
is the micropyle. If the soaked seed be gently pressed, water 
and minute air-bubbles are seen to ooze out through it: . 


Tal 
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2. Embryo, On Peeling 
fleshy body is seen occupy 


ta. At one end of the seed 
ite 


Y, ап outgrowth formed at the 
micropyle, called the carunele. early hidden by the car 
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€ seed-coat, represent- 
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СӨ paimen, A ni, Parateq: Са, @runcle; H, hilum; $, seed coat; 
› ; В, Tadicle, E, С; согу юз; Р, plumule. 
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fusion of the stalk with the testa, and is known as the 
raphe. 


2. Perisperm.. On breaking open the seed-coat a thin white 
papery membrane may distinctly be seen surrounding the 
endosperm. This is a remnant of the nucellus and is called 
the perisperm. It is a nutritive tissue. 

3. Endosperm (endo, inner or within; spexm, seed). Remove 
the two coats and note, lying inside them, a white fleshy 
mass; this is the endosperm. It is the food storage tissue of 
the seed, particularly rich in oil. It encloses the embryo. 


4, Embryo. This lies embedded in the endosperm. Split open 
the endosperm and observe that the embryo consists of (a) 
two thin, flat and papery cotyledons or seed-leaves, more or 
less distinctly marked by veins, and (b) a very short axis; the. 
axis consists of (i) a radicle, which is a little protuberance to- 
wards the caruncle, and (ii) an undifferentiated plumule 
which is the blunt inner end of the axis lying in between the 
two cotyledons. The minute leaves of the plumule become 


apparent only when the seed begins to germinate. The 


radicle.always gives rise to the root, and the plumule' to the 
shoot. Cotyledons lje embedded in the endosperm, and their 
function is to transport the food material from the endo- 
sperm to the radicle and the plumule, and later, on the 
germination of the seed, they turn green and leafy (see 
FIG, 20). 

—seed-coat with hilum, caruncle and raphe, 

—perisperm laden with food. 
Castor Seed—|—endosperm Idden with food. 


—axis with radicle and plumule, 
—embryo-| суролу, thin, leaf-like. 


PARTS OF A RICE GRAIN (fig. 16) 

Rice grain is a small, one-seeded fruit. Each grain remains 
enclosed in a brownish husk which consists of two parts, one 
partially enveloping the other; the outer and larger one is 
called the flowering glume, while the inner and smaller one 
is called the palea. At the base of the grain are two minute 
white scales called empty glumes. The rice grain and the 
husk are together known as the paddy grain. 

1. Seed-coat. On removing the husk a brownish mem- 
branous layer is seen adherent to the grain. This layer is 


2 
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it fused 
made up of the seed:coat and the wall of the fruit fu 
together. 


ENDOSPERM 
FIC. 16, M 
Rice Brain, SCUTELLU 
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enclosed in СОЪЕОРТШ! 
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B, the grain 
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for, 

Be tissue, 
ial, Particularly sta 
Brain it is seen to be 


a definite layer knoy 


Ms the main bulk of the grain аа 
being laden With reserve food : d f 
rch. In а longitudinal section of th 


distinctly Separated from the embryo by 
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and not Separable fro in ont 
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lies. embedded in this arca. The grain cut longitudinally 
through this area shows the following: 


1. Seed-coat. This is only a thin, layer surrounding the 
wholc grain. This layer is made up of the seed-coat and 
the wall of the fruit fused together. 


2. Endosperm. Thc grain is divided into two unequal por- 
tions by a definite layer known as the epithelium. 'The 


BASE OF STYLE 


SEED-COAT & FRUIT-WALL ENDOSPERM 


ALBURONE LAYER EPITHELIUM 


SCUTELLUM 


REMNANT OF 
STYLE. COLEOPTILE 
ENDOSPERM 
PLUMULE 
EMBRYO 
RADICLE 
B COLEORHIZA 


FIG. 17, Maize grain. 
A, the entire grain: В. the grain in longitudinal seetion, 


bigger portion is the endosperm, and the smaller portion: is 
the embryo. "he endosperm is the food storage tissue of 
the grain, particularly rich in starch. If a little iodine 
solution be dropped on the cut surface of the grain the 
whole of the endosperm becomes black indicating the 
presence of starch; thc embryo takes on a yellowish tinge. 
Thus the two portions become clearly marked. 


3. Embryo. This consists of (а) one shield-shaped cotyledon 


-known as the scutellum, as in the rice grain. and (0) an axis. 


The upper portion of the axis, with minute leaves arching 
over it, is (i) the plumule, and the lower portion, provided 


- with the root-cap, (ii) the radicle. The plumule is surround- 


ed by a plumule-sheath or coleoptile, and the radicle is sur- 
rounded by a rootsheath or coleorhiza. Coleoptile and 
coleorhiza are protective sheaths of the plumule and the 
radicle respectively and are characteristic of the grass family 
and the palm family. The surface layer of the scutellum 
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i ] ium; its 
lying in contact with the endosperm is the epithelium; Pe 
function is to digest and absorb food material stored in 
endosperm. 


Note. In cereals 


ed from the endosperm with the 
help of the epithelium. 


—seed-coat with the frui 


wall fused with it, 
—endosperm lade 


n with food material, 
—axis with radicle & coleorhiza, and plumule 
& coleoptile, 


—cotyledon (scutellum)— | 


Maize Grain— 


—embryo— 


‚ Etc., bear two cotyledons 
in their embryo; while others, eg. rice, maize, etc., bear 
only one cotyledon in their ¢ 


Tyo. The former types of 
cotyledonous, 


one cotyledon), 
ledons, 
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nous seeds the cotyledons(s) store up food and become thick 
and fleshy. The food, whether stored in the endosperm or 
in the cotyledon(s), is always utilized by the embryo when 
germination of the seed takes place. 
Dicotyledonous Seeds 

(a) Exalbuminous, e.g., gram, pea, bean, goürd, tamarind, mustard, 
mango, cotton, orange, pulses, sunflower, guava, jack, etc. 

(b) Albuminous, e.g., castor, poppy, papaw, custard-apple, four o'clock 
plant, Artabotrys (B. & H. KANTALI-CHAMPA), etc. 
Monocotyledonous Seeds 


(a) Exalbuminous, e.g., orchids, Alisma, arrowhead and Naias. 
(b) Albuminous, e.g., cereals (rice, wheat, oat, maize and barley), millets, 
grasses (including sugarcane and bamboo), palms, lilies, aroids, etc. 


GERMINATION 


To study the stages in the germination of seeds they may be 
sown in moist sand or sawdust. Pre-soaking in water for 
a few to several hours helps quicker germination. 

The embryo lies dormant in the dry seed, but when the 
latter is supplied with moisture 
the embryo becomes active and 
tends to grow and develop into 
a small seedling. The process 
by which the dormant embryo 
wakes up and begins to grow is 
known as germination, The 
first sign of germination is the 
protrusion of the radicle, often 
through the micropyle. The 
radicle then quickly elongates, 
Epigeal Germination. Fic. 18. grows downwards, sometimes 
Gourd seed (cxalbuminou). ^ forming a loop, and gives rise 
to the primary root. Its rate of growth is much faster than 
that of the plumule. The seed-coat bursts and the cotyle- 
dons partially or completely separate from each other. The 
plumule comes out, grows upwards and gives rise to the 
shoot. The cotyledons may turn. green and become leaf- 
like in appearance or they may shrivel up and drop. Two 
kinds of germination are noticed: epigeal and hypogeal. 


1. Epigeal germination (figs. 18-20). In some seeds such as 
bean, gourd, sunflower, cotton, castor, etc., the cotyledons 


1 For ‘food stored in the seed’ see end of Chapter 8, Part JIL 
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emerges between the two thick cotyledons. The hypocotyl straightens and 
two leaves unfold at first, They rapidly grow in size and turn green in 
colour. During germination the food stored.‘ in the thick cotyledons has 
been utilized, Now the’ green leaves manufacture food for the seedling. As 
the food is removed from the cotyledons they shrivel up and soon fall off. 

Epigeal Germination of Castor Seed (fig. 20) As. germination begins 
the caruncle drops, and the radicle comes out and grows downwards, It 
elongates and forms the primary root which soon produces many lateral 
roots, The hypocotyl elongates and lifts the seed out of the ground. In the 
meantime the seed-coat has burst and dropped, the perisperm shrivelled up, 
and the food stored in the endosperm gradually moved to the growing parts 
of the embryo, Evidently the endosperm gets thinner and soon it drops. 
The hypocotyl straightens up, and the two cotyledons expand and turn 
green in colour. The minute plumule, hidden between the two cotyledons, 
now begins to grow. It at first produces two leaves, which quickly grow and 
turn green in colour, The green leaves and the cotyledons now prepare all 
the food for the seedling. 


2. Hypogeal Germination (figs. 21-22). In other seeds such 
as gram, pea, mango, litchi, jack, groundnut, etc., the coty- 
ledons are seen to remain in the soil or just on its surface. In 


Hypogcal 
Germination, 


FIG. 21. 
Gram seed 
(exalbuminous). 


Pea seed 
(exalbuminous). 


Hypogeal Germination, ric. 23, Paddy (albuminous). 
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coleoptile. The radicle grows downwards into a primary 
root, but this із ѕооп replaced by a: cluster of fibrous roots. 
The plumule grows upwards. 
їп the germination of many 
palms, eg. date-palm and pal- 
myra-palm (but not coconut- 
palm) a part of the cotyledon 
extends into a sheath, long or 
short, which encloses the axis of 
the embryo a little behind the 
tip and carries it down to some 
depth in the soil (fig. 25). 


Hypogeal Germination of Maize 
Grain (fg. 24. Тһе grain absorbs 
moisture and swells. The shield cover- 
ing the embryo at the deltoid area 
splits and the radicle pierces the collar- 
like rootsheath or coleorhiza and 
grows downwards, giving rise to the 
primary root. A few (adventitious) roots 
also ‚соте out, The plumule-sheath or 
coleoptile enclosing the plumule elong- 
ates and grows upwards. Soon the 
plumule breaks through the upper end 
of the cylindrical coleoptile, and gives 
rise to the first leaf. The seed remains 
ric. 25. Date-palm seed and its embedded in the soil. From the primary 
germination, A, seed in section; Toot lateral roots are quickly produced. 
B, germinating seed in section; The food stored in the endosperm is 
C, seedling. 5, seed-coat and utilized during germination. Ву the 
inner 'fruit-wall, Е, endo- time this food becomes exhausted the 
sperm; Em, embryo (undifferen- leaf, has already turned green and js in 
tiated); С, cotyledon; Sh, а position to manufacture food for the 
sheath of the cotyledon; Cl, seedling which has now become estab- 
coleoptile; Cr, coleorhiza. lished in the soil. 
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—exalbuminous p-pigeal, e.g. gourd, bean, sunflower, etc. 
| —hypogeal, e.g. gram, pea, mango, etc. 


Dicotyledonous 


| —epigeal, e.g. castor, papaw, poppy, etc. 
—albuminous L-hypogeal, e.g. custard-apple (Annona), etc. 


Monocotyledonous j—epigeal, e.g. onion and other Liliaceae. 
(albuminous) —hypogeal, e.g. rice, maize, palms, etc 


Special Type of Germination. Many plants growing in salt- 
lakes and sea-coasts show a special type of germination of 
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known as the three bean experiment. Three air-dried secds are attached , 
to a pièce of wood, one at each end and one in the middle. This is then 
placed in a beaker, and water is poured into it until the middle seed is 
half immersed in it. The beaker is then left in a 
warm place for a few days. From time to time water 
is added to maintain the original level: It is seen 
that the middle bean germinates normally because it 
has sufficient moisture, oxygen and heat. The bot- 
tom bean has sufficient moisture and heat but no 
oxygen. It may be seen to put out the radicle only. 
but further development is checked for .want of 
oxygen. The top bean having only sufficient oxygen 
and heat, but no moisture, does not show any sign of 
germination. 

This experiment cvideütly shows that moisture and 
oxygen are indispensable for germination; the effect 
of temperature is only indirectly proved. , It can, 
however, be directly proved in the following way. 210: 27. Three 
Other conditions remaining the same, if the tem- bean experiment. 
perature be considerably lowered or increased by placing the beaker with 
the seeds in a frecaing mixture or in a bath with constant high tempera- 
ture ft will be scen that none of the beans will germinate. Thus suitable 
temperature is also an essential condition for germination. 


FUNCTIONS OF COTYLEDONS 


. (1) In exalbuminous seeds, as in gram, pea, gourd, tama- 
rind, etc., the cotyledons act as food storage organs and in 
consequence they. become thick and fleshy. The food stored 
in them is utilized by the embryo when the seed germinates. 

(2) In albuminous seeds, as in castor, poppy, four o'clock 
plant, etc., the cotyledons act as absorbing organs, and they 
are thin, flat or small. When the seeds germinate, they absorb 
food from the endosperm and supply it to the radicle and 
the plumule. 

(3) In many seeds showing epigeal germination (i.e. lifting 
the cotyledons above the ground) the cotyledons may act as 
food-manufacturing organs. When they are pushed above the 
ground they generally turn green in colour being exposed to 
light and then function like ordinary leaves, i.e. they manu- 
facture food in the presence of sunlight. 

(4) The cotyledons act as protective organs. They enclose 
the plumule at the seed stage, and during the early germina- 
tion period they give it adequate protection. 

(5) In monocotyledonous seeds at the time of germination 
the cotyledon absorbs food from the endosperm, and at 
length extends as a sort of sheath, long or short, pushing the 
radicle and the plumule out of the seed. In many palms, 
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in palmyra-palm and date-palm (but not Coconut-pálm) a 
fairly long sheath is produced (see ) 


Fic. 30 Fic. 8] 
FIG. 28. Tap ateral roots in а dicotyledon, Fic, 29. Fibrous тоо 
ina Monocotyledon, FIG. 30. Multiple TOOl-cap in Screwpine (Pandanus; 
see p. 31). FIG, 3]. Root-pockets in duckweed (Lemna; See p, 31). 
nally the direct Prolongation of 


the embryo. 


food materials 
ganic salts) from the soi] particles, It iş поп: 
Breen in со] Ur, Without Nodes and intern es, with no leaves 
or buds, is covered at its tip, i.e. the growing point, by 
a sort of wn as the root-cap (fig. 33). 
Norm * All roots ¢ t develop from the radicle, either 
directly from it or its branches, are called n mal roots, The 
‘T€Ct_Prolongatio of dicle for. © Primary root, 
I it persists d contin > as in dicotyledons, giving 
Tise to th aln root > t ds called the tap root 
(fig. 28). The tap root nor OWs verti Пу downwards 
to a shorter or longer depth. s it grows it Produces lateral 
ranches k wn as the Secondary "00/5, an, €se in turn 
Produce the tertiary roots All these 70015 together form the 
tap root System of thi Plant, he | l roots are pro- 
duced in acropetal Succession, le. the older and longer roots 
away from t € tip, and. the Younger and Shorter ones to- 
Wards it, 
Adventitions Roots, 


Roots that grow from any part of the 
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plant body other tlian the radicle are called adventitious 
roots. (1) In monocotyledons where the primary root docs 
not persist, a cluster of slender roots is seen to grow from 
the base of the stem; such roots arc called fibrous roots (fig. 
29). (2) Adventitious roots, solitary or in clusters, also grow 
from nodes and even internodes, as in many grasses, betel, 
wood-sorrel, sugarcane, maize, bamboo, etc. (3) They also 
often grow from stem-cuttings (fig. 32), as in Coleus, rose, 
garden croton, tapioca, etc. (4) Adventitious roots called 
foliar roots (see fig. 111/28) may also be induced to grow 
from the petiole or vein of a leaf by the application of 
certain chemicals, called hormones, which are growth- 
promoting substances. 


Regions of the Root (fig. 33). 
The following regions may be 
distinguished in a root from 
the apex upwards. There is of 
course no line of demarcation 
between one region and the 
other. As a matter of fact one 
merges into the other. 

1. Root-cap. Each root is 
covered over at the apex by a 
sort of cap or thimble known 
as the root-cap which protects 
the tender apex of the root as 
it makes its way through the 
soil The root-cap, if worn out, 
may be renewed by the under- 
lying growing tissue. It is 
usually absent in aquatic 
plants. 

2. Region of Cell Division. 
This is the growing apex of 
the root lying within and a 
little beyond the root-cap and 
extends to a length of a few millimetres. The cells of this 
region undergo repeated divisions, and hence this region is 
otherwise called the meristematic region (meristos, divided). 
Some of the newly formed cells contribute to the formation 
of the root-cap and others to the next upper region. 


ric. 32. Adventitious roots 
in Coleus, 
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$. Region of Elongation. This lies above the meristematic 
region and extends to a length of a few millimetres, The 
cells of this region undergo rapid elongation and enlarge- 
ment, and are responsible for- growth in length of the root. 

4. Region of Maturation. This region lies above the region 
of elongation and extends upwards. Externally, at its basal 
portion, this region produces a cluster of Very fine and 
delicate thread-like structures known as the root-hairs, and 
above the root-hair region it produces lateral roots, both in 
acropetal succession. The roothaifs are essentially meant 
to absorb water and 
mineral salts from the 
soil. Internally, the- cells 
of this region are seen to 
undergo maturation and 
differentiation into vari- 
ous kinds of primary 
tissues. Higher up it 
gradually merges into 
the region of secondary 
tissues. 
Characteristics of the - ; eal 
Root. There are Certain 

distinctive characteristics 
of.the root by which it 
can be distinguished from 
the stem. These are E 
follows: 


REGION OF MATURATION 


is the 


Breen in colour: w 3 
(RIS uM hereas the young ste Sare Not normally 

пот] € root does not normally pe. m is normally so, 

. Ay bears both Vegetative R bu 
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tive Bro: 
wth and reproducti 

lon. TH 
where the roots are seen to There 


floral b 3 ar y 
(Виардо увезе Propagatig buds (but not 
» Wood-apple (Aegle) E dnd potato 
5 Chosanthes (B. 
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PATAL; Н. PARWAL). Indian redwood (Dalbergia; В. 515500; 
Н. sHISHAM), and ipecac (Psychotria). Such plants are some- 
timcs propagated by root-cuttings, e.g. ipecac (a medicinal 
plant). 

(3) The root ends in and is protected by a cap or 
thimble known: as the root-eap (fig. 34А); while the stem 


Root-oap 


с р 
Fic. 31. A, root-tip; В, Stem-apex; C, lateral root (endogenous; sec also 
FIG. И 52); D, branch (exogenous). 

ends in a bud—the terminal bud (see fig. 44). A distinct, 
multiple root-cap is seen in the aerial root of screwpine 
(Pandanus; В. KETUcKY; Н. KroRA—fig. 30). 

Іп water plants like duckweed (Lemna), water lettuse (Pistia), water hyacinth 
(Eichhornia), etc., a loose sheath whieh comes off easily is distinctly seen at 
the apex of cach root. This is an anomalous root-cap, called thc root- 
pocket (scc fig. 31). 

(4) The root bears unicellular hairs (fig. 35A-B); while the 
stem or the shoot bears mostly multicellular hairs (fig. 35C). 
Root-hairs occur in a clustcr all over the tender part of the 
young root a little behind the rootcap. But as the root 
grows, older root-hairs die off and newer ones are always 
formed close behind the apex. Shoot-hairs, on the other 
hand, are of various kinds and they remain scattered over the 
surface of the shoot. Root-hairs have very thin walls made 
of cellulose; while shoot-hairs are somewhat thickened and 
cutinized, at least at the base. Root-hairs are short-lived, 
usually persisting for a few days or weeks; while shoot-hairs 
last for a much longer time. Root-hairs absorb water and 
mineral salts from the soil, and shoot-hairs prevent evapora- 
tion of water from the surface of the plant body and afford 
protection. 


(5) Lateral roots always develop from an inner layer (fig 
q ч Т Mi o 
34C); so they are said to be endogenous (endo, innei; gen, 
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FIG, 35, A, "root-hairs in mustard Seedling; B, tw 
unicellular; C, t 


O root-hairs (magnified)— 


WO shoot-hairs (magnified) —multicettulas 


Branches, 9n the other hand, develop from a 
€rs (fig. 34D); Б they are said to be exogenous 
(б) Nodes and internodes are a 


lways Present in the stem, 
although they May not Often be 


Producing), 
few outer lay 
(exo, Outer) 


quite distinct; but in the 

root they are absent, 

MODIFIED ROOTS 

Specialized functions of Varied nature are performed by the 

modified roots which adapt themselves according to the parti- 

cular need of the plant, For these Purposes the tap root, 
ranch root and adventitious roots ma 

tions. The following ar 


Y undergo modifica- 


€ a few such types: 


4. MODIFIED ТАР R 
1. Fusiform Root (fig. 36. 
the middle and g 
base, being mere T less Spindle-shaped 
said to be fusiform, €g. radish, 

(fig. 36B). When the root is considerably 
per part becoming almost Spherical, and . 


2. Napiform Root 
Swollen at the up 
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sharply tapering at the lower part, it is said to be napiform, 
e.g. turnip and beet. 


ТА B [e D. 
Modified Roots. ric, 30. A, fusiform root of radish; В, napiferm root 
of turnip; C, conical root of carrot; D, tuberous root of Mirabilis. 


3. Conical Root (fig. 36C). When the root is broad at the 


base and it gradually tapers towards the apex like a cone, it 


is said to be conical, e.g. carrot. 

4. Tuberous or Tubercular Root (fig. 36D). When the root 
is thick and fleshy but does not maintain any particular 
shape, it is said to be tuberous or tubercular, as in four 
o'clock plant. 

B. MODIFIED BRANCH ROOT (for respiration) 


Pneumatophores. Many plants growing in estuaries and salt 
lakes, occasionally inundated by tides, develop special kinds 
of roots called respiratory roots or pneumatophores (fig. 37) 
for the purpose of respiration. Such roots grow from the 
underground roots of the plant but rise vertically upwards 
and come out of the water like so many conical spikes. They 
often occur in large numbers around the tree trunk, some- 
times making navigation by boat difficult through such an 
area. Each such root is provided with numerous aerating 
pores. 

C. MODIFIED ADVENTITIOUS ROOTS 

(a) for storage of food 

1. Tuberous or Tubercular Root (fig. 38A). This is а swollen 
root without any definite shape, as in sweet potato. Tuberous 
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w re pr i d 
iti ed singly an 

hether tap or adventitious, are produc gly 

roots, eth 

not in clusters. 


A 


B 


иша 
pneumatophores; B, pneum 
m an underground root. 


Pneumatophores, Fig. 37. 


A, two plants with 
tophores Browing vertical] 


Y Upwards {то 


2, Fasciculated Ro 
Toots occur ір a с] 
; they are said 
Asparagus. 


ots (fig. 38B). When several tubercular 
uster or fascicle at the base of the stem, 
to be fasciculated, as in Dahlia, Ruellia and 


A 


5 B t [e] 
FIG. 38. A, tuberous Toots of 


Sweet potato; B, fasciculated roots of Dahlió; 

C, nodulose Toots of Mango ginger 
ot (fig. 38C), When the slender root becomes 
ollen at or near the apex, it is said to be nodulose, 


3. Nodulose Ro 
suddenly sw, 


| 
| 
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as in mango ginger (Curcuma amadg; B. AMADA; H. AM- 
HALDI), turmeric (Curcuma domestica; B. HALOOD; Н. HALDI) 
and arrowroot (Maranta). 


4. Moniliform or Beaded- Root (fig. 39А). When there are 
some swellings in the root 
at frequent intervals, it 
is said to be monili- 
form or beaded, as in 
Indian spinach (Basella; 
B. ри; Н. ror, Momor- 
dica (B. KAKROL; H. 
CHATTHAI), wild vine 
(Vitis trifolia; B. AMAL- 
LATA; H. AMALBEL) and 
some grasses. 

5. Annulated Root (fig. 


E: "i к в 39B). When the root has 
FIG, 39. 4, moniliform roots of Momor- Я АН v3 
dica; B, annulated roots of ipecac. а SESS of DIEA like ze el 

lings on its body, it is 


said to be annulated, as in ipecac (Psychotria). 


(b) for mechanical support 


‚6. Prop or Stilt Roots (fig. 40). In plants like banyan, india-rubber 


plant, screwpine, RAizophora, etc., a number of roots are produced 
from the main stem and often from the branches. These roots grow 
vertically or obliquely downwards and penetrate into the soil. 
Gradually they get stouter and act as pillars supporting the main 
stem and the branches or the plant as a whole. Such roots are 
known as prop Or stilt roots. The big banyan tree of the Indian 
Botanic Garden near Calcutta has produced about 1,600 such roots 
from its branches. Its age is estimated to be over 200 years, and the 
circumference of the crown over 400 metres. In July 1982, however, 
the tree was badly damaged by storm. Lower nodes of the maize 
plant produce prop roots in whorls for support so that it may not 
topple over. 

7. Climbing Roots (fig. 41A). Climbing plants like Piper (e.g 
betel, long pepper, black pepper, etc.), Pothos, Hoya, dii, 
produce roots from their nodes and often from the inter- 
nodes, by means of which they attach themselves to their 
support and climb it. To ensure a foothold such roots secrete 
a kind of sticky juice which quickly dries up in the air, as 
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seen in ivy and Indian ivy 
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(see fig. 1). Often they form at 


aw for firmer foothold, Such 
'O01s. 


their apex a sort of disc or cl 
roots are also called clinging r 


A 
Prop or stilt Toots. Fic. 40. 4, banyan 


P (Ficus bengalensis); 
andanus), 


В, Screwpine 


A 
Fic, 41. A, 


climbing roots of betel (pj; 

£ ет betley. A 
; of PEIN repens, o *Plratory roots zs 
(c) for vital functions 
8. Sucking Roots or Haustoria 


Certain kinds of roots Which n (see fig. 


6). Parasites develop 
Detrate i 


Into the living tissue 


| 


THE ROOT 37 


of the host plant and suck it. Such roots are known as suck- 
ing roots or haustoria (sing. haustorium). Parasites, parti- 
cularly non-green ones, have to live by sucking the host 
plant, ie. by absorbing food from ii with the help of their 
sucking roots. Common examples are dodder, broomrape, 
Balanophora, mistletoe, etc. (see pp. 7-9). 


9. Respiratory Roots (fig. 41B). In Jussiaea repens (B. & H. 
KESSRA), an aquatic plant, the floating ‘branches develop a 
special kind of adventitious roots which are soft, light, spongy 
and colourless. They usually develop above the surface of 
the water and serve to store up air. Thus, they facilitate 
respiration. They are also sometimes used by the plant as 
buoys or floating organs. 


10. Epiphytic Roots (fig. 42). 'T'here are certain plants, com- 
monly orchids, which grow on branches of trees. Such plants 
are known as epiphytes (epi, upon; phyta, plants). They never 
suck the supporting plant as do parasites. So instead of suck- 
ing roots they develop special kinds of aerial roots which 
hang freely in the air. Each hanging root is surrounded by 
a spongy tissue, called velamen. With the help of this velamen 
the hanging root absorbs moisture from the surrounding 
air. Vanda (B. & H. nASNA). an cpiphytic orchid, is a common 
example. 


E 


C» S 
BT AUR ME 
ПОНИ 


Fic. 42. А, epiphytic roots of Vanda (an orchid), В, a root of the same 
in transection showing velamen. V, velamen; E, exodermis; 
P, passage cell; and C, cortex. 
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neighbour 
ich develo 
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green in colour and act as 
assimilatory roots, 


Functions and Adaptations of the Root. The root performs 
manifold functions—mechanical such as fixation, and physio- 
logical such as absorption Storage. These 
are the normal functions of the roots, Roots also have spe- 
cialized functions and the es accordingly. All 
these functions and adapt en discussed in detail 
in connexion with the modified Toots (see pp. 32-38), 

(1) Fixation, T i 


chanical functi 
forms is thè fixation of t 


goes deep into the soil 
. and the lateral roots 

Spread out in different 
directions; SO the root 
System as a whole firmly 
anchors the plant In 
monocotyledons this an- 


Chorage is afforded by the 
fibrous roots, 


y inorganic salts | 
he soil This is 


FIG, 43, 


Assimilator distance 1 
water chestnut (Tropa natans), p 

here to the soi 

from them, 


y (green) Toots of 
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(3) Conduction. The root is concerned in the conduction 
of water and mineral salts, sending them upwards into the 
stem and ultimately into the leaf. 

(4) Storage. There is a certain amount of food stored in, 
the root, particularly in its mature region. As the root grows 
this stored food is utilized. 

It may be sum i 
storage are carried 
root system, and absorp 
portions. 


that anchorage, conduction and 
on normally by the older portions of the 
tion by the root-hairs and the tender 


CHAPTER 5 The Stem 


Characteristics of the Stem. The stem is the ascending organ 
of the plant, and is the direct prolongation of the plumule. 
It normally bears leaves, branches and flowers, and when 
young, it is green in colour. The growing apex is covered 
over and protected bya number of tiny leaves which arch 
over it (fig. 44). The stem often bears multicellular hairs 
of different- kinds; it branches exogenously; and it is pro- 
vided with nodes and internodes which may not be distinct 
in all cases. Leaves and branches normally develop from 
the nodes. When the stem or the branch ends in a vegeta- 
tive bud it continues to grow upwards or sideways. If, how- 
ever, it ends in a floral bud the growth ceases. 


Nodes and Internodes. The place on.the stem or branch 
where one or more leaves arise is known as the node, and the 


Space between two successive nodes is called the internode. 
Sometimes nodes and. internodes are very conspicuous, as in 
bamboos and grasses; in others they are not always clearly 


marked. 


THE BUD 

A bud (fig. 44) is a young undeveloped shoot consisting of a 
short stem and a number of tender leaves arching over the 
growing apex. In the bud the internodes have not yet deve- 
loped and the leaves remain closely crowded together form- 
ing a compact structure. The lower leaves of the bud are 
older and larger than those higher up. The bud that grows 
in the axil of a leaf (axillary bud) or at the apex оса зата ог 
branch (terminal bud) is regarded as normal. Sometimes 


some extra buds develop by the side of the axillary bud; 
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they are called accessory buds, 


other part of the plant У 15 regarded as adventitious. 
Adventitious buds may be rad 


buds growing on the roots 
aS in sweet potato | 3 
(see fig. 38A) or foliar Y 
buds growing on the 
leaf, as in sprout leaf 
plant (Bryophyllum; 
fig. 45A) and elephant 
ear plant ' (Begonia; 
fig. 45B) or cauline 
buds growing on any 
Part of the stem or 
branch. When a stem 
Or branch is Cut, ad. 
ventitious buds often 
appear all round the 
cut surface. Buds that 
develop into branches 
With leaves are called 
vegetative budg 
those that develop j 


Protection of the Bud 
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FIG. 44, Buds. 


A,a branch showing 1 
Position of buds; 

B, a bud in longi- 
section. 


Protected in various ways 
sects. (1) The young leaves 


A e "E +. "A. 
ds and adventitious foots of « 

| | “Prout leaf plant Bryo- 
; B, the.same of elephant Саг plant (Begoniny (ary 
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of a bud overlap one another giving protection to theraselves 
as well as to the growing apex. (2) 1: may be covered by 
hairs; glandular hairs are very effective in this respect. (3) It 
may be enclosed by some dry scales, called bud-scales, as in 
banyan, jack, etc. (4) There may be a coating of wax Or 
cutin. 

Modification of the Bud. Vegetative buds may be modified 
into tendrils (see fig. 4A), as in passion-tlower and vine, ог 
into thorns (see fig. 56), as in Duranta (B. DURANTA-KANTA; 
Н. NIL-KANTA), Carissa (B. KARANJA; H. KARONDA), lemon 
etc. Sometimes these may become modified into specjal re- 
productive bodies, known as bulbils (see p. 52). 


y nnn 


BUDS 


— normal : terminal & axillary. 
Vegetative— —accessory, | 
—adventiuous : radical; cauline & foliar. 


—terminal & axillary. 
—vegetative : tendrils, thorns & bulbils. 


Modified— | foral ; tendrils & bulbils. 
fp ы т 


Floral— 


FORMS OF STEMS 


There is a variety of stem st 
diverse functions. They may be aerial or underground. 


Aerial stems may be erect, rigid and strong, holding them- 
selves in an upright position, while there are some too weak 
to support themselves in such a position. They either trail 
along the ground or climb neighbouring plants or objects. 
l. Erect or Strong Stems. The unbranched, erect, cylindrical 


and stout stem, marked with scars of fallen leaves, is called 
caudex, as in palms. The jointed stem with solid nodes and 
hollow internodes is called culm, as in bamboo. Some her- 
baceous plants, particularly monocotyledons, normally have 


no aerial stem, At the time of flowering, however, the under- 
ground stem produces through the rosette: of radical leaves 
an erect, unbranched, aerial shoot bearing either a single 
flower or a cluster of flowers on the top; such a flowering 
shoot is called scape. The scape dries up as soon as the 
flowering season is over Common examples are tuberose, 
onion, American aloe, aroids, etc. The scape is leafless or 


aimost so. 


uctures adapted to perform 
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2. Weak Stems. It is evid 


ent that a weak stem cannot stand 
"Upright. When such a s 


tem lies flat on the ground, eg. 
wood-sorrel (sée fig. 50), Indian pennywort (see fig. 111/38), 
dog grass, etc., it is said to be. (1) prostrate. When such a 
stem, after trailing for some distance lifts its head, e.g. 
Tridax (see fig. VII/31), it is said to be (2) decumbent. 
When the stem is much branched and the branches spread. 


Out on the ground or all sides, €g. Boerhaavia (B. punar- 
NAVA; H. SANTH), i 


] ] diffuse. A weak stem 
Creeping on the ground and Tooting at the nodes, e.g. sweet 
potato (see fig. 38A), is said to be (4) creeping. When the 


- APARAJITA; H. APARA- 
» etc., it is said to be 
move clockwise, while 


e, e.g. betel, 
cane, rose, pea, Passion-flower, it is sai 
(6) di TH Pp. 36) gourd, etc, it js said to be 


MODIFICATIONS OF STEMS 
Stems or branche. 

п plants. ar 
shapes to perform Special functions. 


1 For the purpose 

and ledge eis ems of certain plants develop Bie eund 

ma dormant, leafless 

.SIVIDg off aerial shoots 
s. 


They are always 
evelo ind uL deposit of Teserve fdod 
like roots but are Teadily distinguished D they often iook 
Presence of (a) nodes and internodes (b) neni by the 
(c) buds (axillary and terminal), The Stale-leaves, and 


© main function of this 
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group of modified stems is, as already stated, (a) perenna- 
tion; but they also (b) store up food material and (c) pro- 
pagate, ie. multiply in number vegetatively. The various 
types met with in this group are as follows: 


Fic, 46. 
Rhizome 
of ginger. 


(1) Rhizome (fig. 46). The rhizome is a thickened, pros- 
ided with distinct nodes and 


trate, underground stem provi n ў 
internodes, scaly leaves at the nodes, a bud in the axil of 
each such leaf, and a terminal bud. Some slender adventi- 
tious roots are given off from its lower side. It may be 
branched or unbranched. Most of the time it remains under- 
ground in a dormant condition, but after a few showers of 
rain the terminal bud and some of the axillary buds grow 
up into long or short leafy aerial shoots which again die 
down after a few months. Common examples are seen in 
Canna, ginger, turmeric, arrowroot, water lily, ferns, etc. 
Its direction is normally horizontal, but sometimes it grows 
in a vertical direction (roetstock), as in Alocasia (B. MAN- 
KAcHU; H. MANKANDA). 

(2) Tuber (fig. 47). This is the swollen end of a special 
underground branch (tuber means a swelling). The under- 
ground branch arises from the axil of a lower leaf, grows 
horizontally outwards and ultimately swells up at the apex 
due to accumulation of a large quantity of food there, and 
becomes almost spherical, e.g. potato (Solanum tuberosum). 
It has on its surface a number of ‘eyes’ or buds which grow 
up into new plants. Adventitious roots are usually absent 
from a tuber. Jerusalem artichoke (Helianthus tuberostis) 


is another example. 


3 I 
44 A CLASS-BOOK OF BOTANY PART 


i iderground 
tem-tuber -tuber. Both these structures lie uni : 
аня alike Meer eae develops exogenously from the node о 


FIG. 47. Tubers of Potato, 
the stem in the axil of a 


buds ín the. axils of scale 
tuber or tuberous 


as in sweet Potato, 
Plant, and is wi 


©З are seen scattered on 
internal: structure of a stem; while a 


. € conclude, therefore, 

Ure, being an un, ound modification 
Tucture, being a modifica, 

tious root or of a tap root. 


tion of an’ adventi- 
(2) Bulb (fig. 48). 


This is anot 
shoot (really a single 


» Often larg 


of foliage leaves), with a cluster of fibrous roots at the base 
The scale-leaves, often sim ly 


THE STEM 45 


daughter bulbs. Common examples are onion, garlic, tube- 
rose, most lilies, etc. 


b with adventitious roots, and outer 
and C, bulb 


an entire bul 
; B, bulb cut longitudinally; 


dry scale-leaves with distinct veins 
т сш transversely. 


FIG. 48. Bulb of onion. 4, 


(4) Corm (fig. 49). This is a condensed form of rhizome 
and consists of a stout, solid, fleshy, underground stem grow- 
i is more or less rounded in 


ing in the vertical direction. It is 

shape or often somewhat flattened from top to bottom. It 

Contains a heavy deposit of food material and often grows to 
r more buds in the axils 


a considerable size. It bears one о 


, B, the same of Amorphophallus 
KANDA.) 


hese buds grow Up into daughter 
ormally develop from the base 


i scale-leaves, and some of t 
orms, Adventitious „70018 D 
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but sometimes also from the sides. Corm is found in 
Amorphophallus (B. о; H. KANDA), taro (Colocasia; B. 
KACHU;- H, KACHALU), Gladiolus, saffron (Crocus), etc. 


2. Sub-aerial Modifications of Stems. For the purpose of 
vegetative propagation some of the lower buds of the stem 
in certain plants grow out into long or short, slender or 


» according to their origin, 
Nature and mode of Propagation, hay. 


Dames. These are as follows: . 


(1) Runner (fig. 50). This is à 

. . 7 1 
with long internodes, Creeping A ста 
at the nodes, The Tunner arises as a 
strikes roots and grows. into a ne се чоя 
runners are often produced by the mother n 
Spread out on the ground on all sides, TENDA are seen 


in wood-sorrel (Oxalis; fig. 0); India 
tella; see fig. 111/39), Marsilea (B. sus e Wort. (Cen 


(Fragaria), dog grass (Cynodon), ete. ы каен 


nt and they 
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ender lateral branch 
which ^ originates 
from the base of the 
stem, bends down 
on or into the 
ground. It then 
strikes roots and de- 
velops a bud which 
soon grows into a 
new plant. ‘The 
stolon may continue 
to grow outwards 
Fic. 51. Stolon of wild strawberry for a shorter or lon- 
(Ета). ger distance, strik- 
a bud at each node. It may be 
hort internodes. The stolon re- 
sembles a runner in many respects, particularly when it 
Straightens out and creeps On the ground. _Wild straw- 
erry (Fragaria indica) and Oenanthe stolonifera (B. PAN- 
TURASI) are good examples. 
(3) Offset: (fig. 52): Like the runner this originates in 
the axil of a leaf as a short, more or less thickened, hori- 
ix zontal branch. It elongates 
to some extent only. The 
apex then turns up and pro- 
duces a tuft of leaves above 
'апа a cluster of roots below. 
The offset often breaks away 
from the mother plant into 
an independent one. Com- 
mon examples are water 
lettuce (Pistia; fig. 52) and 
water hyacinth (Eichhornia; 
see fig. 62B). An offset is 
shorter and stouter than a 
runner, and is found only 
in the rosette type of plants, 
(4) Sucker (fig. 53). Like 
the stolon the sucker is also 
a lateral branch developing 


THE STEM 
(2) Stolon (fig. 51). This is a sl 


ing roots and producing. 
Provided with long or 5 


FIC. 52. Offset of water lettuce (Р йа) 


the mother pla 


themum, rose, mint (Mentha; B. 
apple, banana, 


FIG. 54. A, tendril of Passio; 


n-flower (Passifiorg). + ih. 
Island climber (Antigonon = Соте) Y. Wes ud Sandwich 
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and flowers, often undergo extreme degrees of modification 
(metamorphosis) in certain plants for definite purposes. 
Metamorphosed organs are stem-tendril for climbing, thorn 
for protection, phylloclade for food manufacture, and bulbil 
for vegetative reproduction. 

(1) Stem-tendril (figs. 54-55). This is a thin, wiry, leafless, 
spirally coiled branch, formed only in some climbers 
and used by them as a climbing organ. 'The tendril 
coming in contact with any neighbouring object coils 


FIG, 55. 

Tendrils of balloon vine 
(Cardiospermum). 

T, a tendril. 


round it and helps such plants to climb. The stem-tendril 
may be a modification of an axillary bud, as in passion- 
flower (fig. 54A), or of a terminal bud, as in vine, or even 
of a flower, as in balloon vine (Cardiospermum; fig. 55) 
and Sandwich Island climber (Antigonon = Corculum; 
fig. 54B). In Gouania, an extensive climber, some of the 


branches end in strong watchspringlike tendrils for the 


support of the plant. 


(2) Thorn (fig. 56). The thorn is a hard, often straight 


Th issa. Th, thorn 
ta; B, thorns of Cart A Й 
Огп$. FI thorns of Duranta; B, 
. Fig, 56. 4, 


4 
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produces a large red be 
(stem) of duckweed. (Lemna 
by many as a cladode. Similarly, 
minute, rootless, floating plant 
Wolffia, it may be noted, is t 
with its frond as small as a sa 


PART 1 


rry. The flat, green, floating blade 
; see fig. 31) is also regarded 
the frond of Wolffia, a 
, is regarded as a cladode. 
he smallest ‘flowering’ plant, 
nd grain. 


Cladodes. rig, 58. A, Ruscus; B, Asparagus, 


| 142-4). Bulbil is a special multi- 
cellular reproductive body, ie, it is essentially meant for 
plant. It may be the modification 


„О апу case it sheds 


wild yam Dioscorea; 
AMINKHAND) Ai 7с огеш 


ay » Ameri 
wood-sorrel (Oxalis), etc, can aloe (Agave), 
Modifications of Stems 
I Fine) atts eae oe 
d | 
Undergroun Sub-aerial Aerial 
—thizome, e.g. ginger. | runner, eg. a tended шоро) 
—tuber, e.g. potato. Wood-sorrel, flower Ed passion- 
—bulb, eg. onion. —stolon, eg. Ep 0 vine, 
—corm, e.g Amorpho- Fragaria, —phylloclade AA 
кйш. ч, Bee a —tladode, ер. И батар, 
—sucker, e.g, C; ту- |—bulbil 
santhemum, Id 8. Globba and 


wild yam (Dioscorea). 
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BRANCHING 


The mode of arrangement of the branches on the stem is 
known as branching. There are two principai types of 
branching, viz. lateral and dichotomous. 


A. LATERAL BRANCHING 

When the branches are produced laterally, that is, from 
the sides of the main stem, the branching is called lateral. 
The lateral branching may be racemose or indefinite or 
monopodial and cymose or definite. 

1. Racemose Type (fig. 59A). Here the growth of the 
main stem is indefinite, that is, it continues to grow 
indefinitely by the terminal bud and give off branches 


i afta 


racemose type; B, true (biparous) cyme; C, scorpioid 


B ing. Fic. 59. 4, 
парата cyme; D, helicoid cyme. 


laterally in acropetal succession, ie. the lower branches are 
older and longer than the upper ones. The branching of 
this type is also called monopodial (monos, single; 
podos, foot or axis) because there is a single continuous 
EU: (monopodium). as in Casuarina (B. & Н. JHaU), 
mast tree (Polyalthia; B. DEBDARU; H. DEVADARU Or ASHOK), 
etc. As a result of this branching the plant takes a conical 


or pyramidal shape. 


2. Cymose Type- 
definite, that is, t 


Here the growth of the main stem is 
he terminal bud does not continue to 
grow, but lower down, the main stem produces one or more 
lateral branches which grow more vigorously than the 
terminal one. The process may be repeated. As a result 
of cymose branching the plant spreads out above, and 
becomes more or less dome-shaped. Cymose branching may 


be of the following kinds: 


54 A CLASS-BOOK OF BOTANY PART І 


(1) Biparous Cyme (fig. 59B) If, in the cymose 
branching, two lateral axes develop at a time, it is called 
biparous or dichasial; this is true cyme, and common 
examples are mistletoe (Viscum; see fig. 8), four o'clock 
plant (Mirabilis), Carissa (B. KARANJA; H. KARONDA-—see 
fig. 56B), temple or pagoda tree (Plumeria; B. KATCHAMPA; 
Н. GOLAINCH!), etc. Sometimes it so happe 
minal bud remains undeveloped or soo 
branching then looks like a dic 
dichotomy. 


ns that the ter- 
n falls off, the 
hotomy, often called false 


1 


(2) Uniparous Cyme. If, in the cymose type, only one 
lateral branch is produced at 


r a time, the branching is said 
to be uniparous or monochasial (i.e. having but one axis at 


a time). This type of branc 


] hing is otherwise called 
sympodial (syn, together or united; podos, foot or axis) 


axes (false axes) 
parent axis. It 


(fig. 59D), when successive 
same side, forming a sort 
Н. srETA AsHOK), and ( 
cyme (fig. 59C), 
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on alternative sides, forming a zigzag, as in Vitis (e.g. vine 
and wild vine), Cissus quadragularis (B. © Н. HARHJORA) 
etc. In them the apparent or false axis (sympodium) is А 
succession of lateral axes, and the tendrils are the modified 


terminal vegetative buds (fig. 60). 


(3) Multiparous ` Cyme. If more than two branches 


develop at a time, the branching is said to be multiparous 


or polychasial, as in Croton sparsiflorus and some species of 


Euphorbia, eg. E. tirucalli (see fig. 57D). 


:B. DICHOTOMOUS BRANCHING 
‘When the terminal bud bifurcates, that is, divides into two, 
producing two branches in a forked 
manner, the branching is termed dicho- 
tomous, Dichotomous branching is com- 
` mon among the ‘flowerless’ plants, as in 
Riccia (fip. 60D), Marchantia, Lycopo- 
dium, etc. шш the ‘flowering’ plants 
. -doum-palm raene), screwpine (Pan- 
Dichotomous Branching. alas AE H. лн кА 
тс, 60D. Riccia. ^ ропа (B. SITALPATD, etc, show 
dichotomy. 
OF THE STEM 


l. Bearing Leaves and Flowers. 
flowers, often numerous, and 


branches. beár leaves and lero 
spread them out on all sides for proper functioning—the 
leaves to get the adequate amount of sunlight for manu- 
facture ef food. and the flowers to attract insects from a 
distance for pollination and reproduction. 

2. Conduction. The stem conducts water and dissolved 
mineral salts from the root to the leaf, and prepared food 
material from the leaf to the different parts of the plant 


body, particularly to the storage organs and the growing 


regions. 

3. Support The main stem acts as а sort of pillar sup- 
porting the branches which often spread' out in different 
directions to push forward the leaves and the flowers. 


4. Storage. The stem als 
material. This is particu 


FUNCTIONS 
The stem and the 


o serves as а storehouse of food 
larly true of the uhderground 
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modified stems (see figs. 46-49) which are specially construct- 
ed for food storage, as in ginger, potato, onion and Amorpho- 
phallus (B. oL; H. KANDA). Fleshy stems of cacti and spurges 
(Euphorbia) always store a large guantıty of water. 


5 Food Manufacture. The young shoot, when green in 


colour, manufactures food material in the presence of sun- 


light with the help of chloroplasts contained in it. 
In addition to those stated above, 
carry on specialized functions; for example, the tendril 


helps a plant to climb, and the thorn protects 1t against 
grazing animals, and so on (see pp. 48-52). 


metamorphosed stems 


CHAPTER 6 The Leaf 
The leaf may be regarded as the flattened, Jateral outgrowth 
of the stem or the branch, 


developing from ode and 
having a bud in its axil, It is pang Dp 


normally green in colour and 
is regarded as the most impor- 


tant vegetative organ of the 


LEAF-APEX 


LEAF-MARGIN 
plant since food materia] is 
prepared in it. Leaves always RERE-BRADE: 
develop in an acropetal order van 
and are exogenous in origin, * 
E 
Parts of a Leaf (fig. 61) A 
typical leaf consists of the PETIOLE 
following parts, each With its 
own function, d UR 
T Ў LEAF-BASE 
(1) Leaf-base is 


the part 


attached to the stem, In many FIG. 6i. Parts of a leaf. 


plants the leaf-base 


“mong monocotyle 
developed in grasses; in the banana plan 
is made up of leaf-sheaths. In dicotyle 
hand, the leaf-base Usually bears Bio 
known as the stipules. In some leaves such as those of gram, 
pea, tamarind, sensitive plant, rain tree, gold mohur butter: 
tly pea (Clitoria: B. APARAJITA; H, APARAJIT) ctc., the leaf- 
base is swollen, and then ij is known as the pu! inus 
(fig. 62A). ao, sk 


dons, and is well 
t the so-called stem 
dons, on the other 
lateral outgrowths, 
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(2) Petiole is the stalk of the leat. A long petiole pushes 
out the leaf-blade and thus helps it to secure more sunlight 
When tbe petiole 15 absent the leaf 1s said to be sessile; and 
when present 1t 15 said to be petiolate or stalked. In many 
plants the petiole shows certain peculiarities. Thus in water 


hyacinth (fig. 62B) it swells into a spongy bulb, often called 
pseudobulb, containing innumerable air-chambers for facility 
of floating: while in orange, pummelo vor shaddock, etc, it 


becomes winged ( 


fig. 62C). In Australian Acacia (see fig. 80), 


A 

5 : ne pulvinus (P); B, water hyacinth leaf 
Fig, 62, A, Clitorta leaf showing pu ; 

NEL Сад C, pummelo leat showing winged petiole (Р). 


: i ; modified 
the petiole (together with the rachis of the leaf) i5 m 
:vle.shaped, green lamina or blade 
into а flattened, sickleshape^^ Eed the phyllode: In Cle- 
\ matis (see fig. 5А) the peti 
ole is tendrillar in nature. 
In  sarsaparilla (Smilax; 
hg 63) two strong, closely 
coiled tendrils, one on each 
side, develop from the leaf- 
stalk. They are formed by 
splitting of the petiole, 
They help the plant to 
cimb neighbouring shrubs 
and trees. 


of Smilax. 


Fic. 63. Tendriis (7) 
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(3) Leaf-blade or lamina is the green, expanded portion. 
A strong vein, known as the mid-rib, runs centrally through 
the leaf-blade from its base to the apex; this produces 
thinner lateral veins which in their turn give rise to still 
thinner veins or veinlets. The lamina is the most important 


part of the leaf since this is the seat of food-manufacture 
for the entire plant. 


Duration of the Leaf. The leaf varies in its duration. It 
may fall off soon after it appears; then it is said to be (2) 
caducous; if it lasts one season, usually falling off in winter, 
it is (2) deciduous or annual; and if it persists for more than. 


one season, usually lasting a number of years, it is (7) 
persistent or evergreen. 


Some Descriptive Terms. (7) Dorsiventral Leaf. When the 
leaf is flat, with the blade placed horizontally, showing dis- 
tinct upper surface and lower surface, it is said to be dorsi- 
ventral (dorsum, back; venter, belly or front), as in most 
dicotyledons. A dorsiventral leaf is more strongly illuminated 
on the upper surface than on the lower and, therefore, this 


surface is deeper green in colour than the lower. In internal 
Structure also there is a good а 
two sides (see fig. 11/53). (2) Isobilateral Leaf. When the 
leaf is directed 


evenly green. 


STIPULES 


Stipules are the lateral appendages of the leaf borne at its 
base. T hev are present in many families of dicotyledons, but 


they are absent or very rare in monocotyledons. These are 
often green, but sometimes they have a withered look. They 
may remain as long as the lamina Persists (persistent) or 
may fall off soon after the lamina unfolds (deciduous) or 
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sometimes they may shed even before the lamina unfolds 
(caducous). Their function is to protect the young leaves 
the bud, and when green they manufacture food material 
like leaves. When stipules are present the leaf is said to be 
stipulate, and when absent exstipulate. Sometimes, as in 
Clitoria (B. APARAJITA; Н. APARAJIT), a small stipule may 
be present at the base of each leaflet. Such a small stipule 
is otherwise known as a stipel. 

Kinds of Stipules. According to their shape, position, colour 
and size, stipules are of the following kinds: 

(1) Free Lateral Stipules (fig. 61). These are two free 
stipules, usually small and green in colour, borne on the 
two sides of the leaf-base, as in China rose, cotton, etc. 

(2) Sealy Stipules. These are small dry scales, usually two 
in number, borne on the two sides of the leaf-base, as in 
Indian telegraph plant (Desmodium gyrans). 

(3) Adnate Stipules (fig. 640). These are the two lateral 
stipules that grow along the petiole up to a certain height, 
adhering to it and making it somewhat winged in appear- 
ance, as in rose, groundnut, strawberry and lupin. 


Ki s (S) of Polygonum; B, inter- 
E. i er Ixora; € adnate stipule ($) of tose 

(4) Interpetiolar Stipules (fg. Баву Bá em i. ded 
Stipules that ie between the petioles of oppas e or whorle 
eaves, thus alternating with the latter. um CD 
Ixora (B. RANGAN), 41 hocephalus (В. & Н. kapam), coffee 
(Coffea) “madder (Rubia; В. & H. MANJISTH Aya p angueria 
(B. & H. MOYNA), ес. 


B 
ochreate stipule 
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(5) Ochreate Stipules (fig. 64A). These form a hollow 
tube encircling the stem from the node up to a certain 
height of the internode in front of the petiole, as in Poly- 
gonum. 

(6) Foliaceous Stipules (see fig. 77A-B). These are two 
large, green, leafy structures, as in pea (Pisum), wild pea 
(Lathyrus) and some species of passion-flower (Passiflora). 

(7) Bud-seales. These are scaly stipules which enclose and 
protect the vegetative buds, and fall off as 

soon as the leaves unfold. They are seen in 
banyan, jack, Magnolia, etc. 

(8) Spinous Stipules (fig. 65). In some 
plants, as in gum tree (Acacia), Indian plum 
(Zizyphus), sensitive plant (Mimosa), caper 
(Capparis), etc., the stipules become modified 
into two sharp, pointed structures known 
as the spines, one on each side of the leaf- 


EON base. Such spinous stipules give protection 
d " noi А . 

amie SI O the leaf against the attack of herbivorous 

plum (Zizyphus). animals, 


LEAF-BLADE 


he apex of the leaf is Sail 
ап; (B) acute, 

» as in China ro: 
When it 1s drawn out into a 1 


d to be (A) obtuse. 
when it is pointed in the torm 


lettuce (Pistia); 
notch, as in Ba 


M * When it ends 
glory lily, or in a slender curled thread. 


-like 

Margin of the Leaf. The Margin of the leaf may be i.e, even 
and smooth, as in mango, Jack, banyan, etc., (2) те в аѕ 
in mast tree (B. pEBDARU; Н. ASHOK) and some Barden crptons- (8) serrate: 
i.e. cut like the teeth of a saw and the teeth di З as in China 
), €; (4) dentate, ie. the teeth 

directed outwards at right angles to the margin of the leaf, as in melon 
Tounded, as in 


(6) 


in a tendril, as in 
appendage, as in banana. 


Spines, as in prickly poppy (Argemone). 
Surface of the Leaf. The leaf is said to be (1) glabrous, when the surface 
Of it is smooth and free from hairs or outgrowtha of any kind; (2) rough. 
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when the surface is somewhat harsh 
sur to touch; (3) glutinous, wh 
puri of it is covered with a sticky exudation, as in БЕКЕН, ia 
nen \ e surface is green and shining; (5) spiny, when it is provided with 
spines; and (6) hairy, when it is covered, densely or sparsely, with hairs. 


B, acute; C, acuminate; D, cuspidate; 


Fic, 66, Apex of thé leaf. A, obtuse; 
and H, cirrhose. 


E, retuse; F, emarginate; G, mucronate; 
А) Aeicular. when the leaf is long, narrow 


Shape of the Leaf (it. 67), ( 
nd cylindrical, i.e. needle-shaped. as in pine, onion, еіс. (B) Linear 


А B | C D E G 
N 
H I UE Es y: M 
acicular; B, linear; C, lanceolate; D, ellipticak 
cordate; I, 


nd or orbicular; Н, 


Shape of the Leaf, ric. 67- A, 
L, sagittate; M, hastate; 


or oval; E, ovate; F, oblonB: G, rotu 


renif. м) lique; К, spathulate; 
orm; J, obliq , отаке 


апа 


grasses, tuberose, Vallis-. 


Whe; ^ 
n the lear is long, narrow en the shape is like that of a lance, as in 


Neria, etc late, wh 

oem, (© dane ae D Epe sinite (n, 

More or : n ellipse, 25 in » I са), 

ine a the shape = px when the blade is egg-shaped, i.e. 
» Toseapple, еіс. (E) s jn China тозе, banyan, etc; am 


Toader ai the base than at t 


and flat, as in many 
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inversely egg-shaped leaf is said to be obovate, as in country almond and 
jack. (F) Oblong, when the blade is wide and long, with the two margins 
running straight up, as in banana. (G) Rotund or orbicular, when the blade 
is more’ or less circular in outline, as іп lotus, garden nasturtium, etc. 
(H) Cordate, when the blade is heart-shaped, as in betel, Peperomia, etc.; 
an inversely heart-shaped leaf is said to be obcordate, as in wood-sorrel. 
(1) Reniform, when the leaf is kidney-shaped, as in Indian pennywort. 
(J) Oblique, when the two halves of a leaf are unequal, as in Begonia; 
in margosa (В. & Н. там) and Indian cork tree (B. & Н. Axas-wiw) and 
Persian lilac (B. GHORA-NIM) the leaflets are oblique. (K) Spathulate, when 
the shape is like that of a spa- 

tula, i.e. broad and somewhet 
rounded at the top and nar- 
rower at the base, as in sun- 
dew (Drosera) and Calendula 
(L) Sagittate, when the blade 
is shaped like an arrow, as in 
arrowhead and some aroids. 
(M) Hastate, when the two 
lobes of а. sagittate leaf are 
directed outwards, as in water 
bindweed (Ipomoea; B. $. H. 
KALMI-SAK) and Typhonium (B. 
GHET-KACHU). (N) Cuneate 
when the leaf is wedge-shaped, 
as in water lettuce (Pistia). 
(9 окен the sh i 
толе апа some ашап D » as in radish, mustard, etc. (P) 
leone! ERE karis divided into a number of lobes which spread out 

a bird, as in Vitis pedata, (B. GOALE-LATA), 


FIG. 67 (contd.). O, lyrate leaf of radish; 
P, pedate leat of Vitis pedata. 


VENATION 


bow rigid linear Structures which arise from the petiole 
ate CES mid-rib and traverse the leaf-lamina in different 
ФО АУ аге really vascular bundles and serve to 
the linm SE. and dissolved mineral salts throughout 

to carry away t m it; 
they also give the y y the prepared food fró ; 


ary amount of strength and rigidity 
amina, 


Р > both; for example, 
Smilax, aroids and yams (monocotyledons) show. reticulate 
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venation, and Calophyllum (dicotyledon) shows parallel 
venation. 


ric. 68 no 
e venation in a dicotyledonous leaf. 


Systems of Veins. Fic. 68. Reticulat 
ric. 69. Parallel venation in a monocotyledonous leaf. 


RETICULATE VENATION 
In this type of venation there is a 


teral veins which proceed 
he leaf, like plumes in a 


1. Pinnate Venation. 
strong mid-rid; this 
towards the margin 


gives off la 
or apex oft 


B 


4 . A, pinnate type in peepul (Ficus) leaf; 
Reticulate Venation, FG. а) type pa cucumber (Cucumis) leaf; 
B, palmate ( gent) type in bay leaf (Ginnamomum). 


C, palmate (conve k s 
feather (fig. 70A) These produce still smaller veins and 
venit EC pass in all directions and become connected 
with one another, forming а network, ot lom mango, 
jack, etc. This is a УУ common type of venator: 


1 
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2. Palmate Venation. In this type there is a number р 
more or less equally Strong ribs which arise from the tip o 
the petiole and proceed outwards or upwards. There are two 
forms: (J) in one the leaf possesses a number of strong veins 


П. PARALLEL VENATION 


1. Pinnate Venation, In this type of' venation the leaf has a 
prominent mid-rib, and this gives off latera] veins which pro- 
ceed parallel to each other towards the Margin or apex of 
the leaf-blade (fig. 71A), as in Canna, -banana, ginger, tur- 


meric, etc, 
A B 


Parallel Venation. ric. NO A, Pinnate type in Canna leaf; B, palmate 
(convergent) type in bamboo leaf; C, palmate (divergent) type 
in Palmyra.palm leaf, 


2. Palmate Venation. Two forms are also met with here: 


(7) the veins arise from the tip of the petiole and proceed 
(diverge) towards the Margin of the leaf-blade in a more or 
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less parallel manner (divergent type; fig. 71C), as in fan 
palms such as palmyra-palm; and (2) a number of more or 
less equally strong veins proceed from the base of the leaf- 
blade to its apex in a somewhat parallel direction (conver- 
Bent type; fig. 71B), as in water hyacinth, grasses, rice, bam- 


boo, etc. 
pinnate, as in mango. 


Venation 
—Treticulate — 
(in dicoty:edons) —divergent, as in castor. 
L—palmate— —convergent, as in bay leaf. 
i pinnate, as in banana. 
хаце! X —divergent, as in fan palms. 


(in monocotyledons) almate— | 
'—convergent, as in bamboo. 


Veins are vascular bundles which 


ramify through the leaf-blade. Their main functions are 
conduction of water, mineral salts and food material, and 


Strengthening the leaf-blade. 
d mineral or inorganic salts 


(1) Veins distribute water an 
hroughout the leaf-blade, collect the 


received from the stem t ә 
Prepared food material from the blade and send it to the 
stem and thence to the storage organs and the growing 


regions. 
(2) Veins form the skeleton of the leaf-blade and give 
rigidity to it so that it does not get torn-or crumpled when 

a strong wind blows. 
guis leaf-blade to keep flat so that its whole 


(3) Veins help the 
Surface may be evenly illuminated by the sunlight. 

Inci: "blade. In the pinnately veined leaf the incision or 
cutting et ереше s from the margin towards the mid-rib 
(pinnate type), and in the palmately veined leaf it passes towards the base 
of the leaf-blade (palmate type). 

‘palmate уре, 4 һы, 

First ies: Pi . (1) Pinnatifid, when the incision of the 

prseter: ршн Type o down towards the mid-rib, as in 


Margin i 2 early half-way 
Poppy. (2) ырыа ae hen the incision is more than half-way down 
partt radish, mustard, etc. (3) Pinnatisect, when the 


towa; idari n 
chi emer oen dd near the mid-rib, as in some ferns, Quamoclit 
(B. KunyaLaTa ог TORULATA; P KAMALATA), Cosmos, etc. (4) Pinnate com- 
Pound, when the incision of the margin reaches the mid-rib, thus dividing 
the leaf into a number of segments Or leaflets, as in pea, gram, etc. 

Second Series : Palmate Type (1) Palmatifid, as in. passion-flower, cot- 
ton, etc, (2) Palmatipartite: as in castor, papaw, etc. (3) Palmatisect, as 
in tapioca, hemp (Cannabis; B. & Н. canja) and some aroids, eg.,. snake 
Plant (see fig. 94). (4) Pe]mate compound, when the incision is carried 
down to the base of the leaf-blade, as in silk cotton tree. 


5 


Functions of Veins. 
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COMPOUND LEAVES: » 
РІММАТЕ AND PALMATE 

Simple Leaf and Compound Leaf. A leaf is said to be 
simple when it consists of a single blade which may be entire 
or incised (and, therefore, lobed) to any depth, but not 
and a leaf is said to be 
leaf-blade goes down to 
iole so that the leaf is 


B 
FIG. 72. 4, a simple leaf; B 


D 
pinnately compound leaf 
b; D,a palmately com- 
lated to the petiole. Note 
d in each case. 


with the leaflets articulat, 
pound leaf with the | 


the position of the bu 
^ d Branch. A Compound leaf may some- 
times be mistaken for а branch. The following - points 
should be noted by way of distinctions, between them 
(fig. 72B-C). 


Compound leaf Branch 
l. This never bears а terminal- bud always bears such a bud. 
2. This bears an axillary bud does not bear such a bud. 
8. This never arises in the axil of arises in the axil of a simple or 
another leaf. 


compound leaf. 
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Compound leaf Branch 
4. Leaflets of a compound leaf have simple leaves of a branch have 
no axillary buds a bud in their axil. 
5. Rachis of a compound leaf has no branch is always provided with 
nodes or internodes nodes and internodes. 


1. Pinnately Compound Leaf. A pinnately compound deaf is. 
defined as the one in.which the mid-rib, known as the 
rachis, bears laterally a number of leaflets, arranged alter- 


B с Е 
Leaves. Fic. 73. 4, unipinnate (paripinnate); В, unipinnate 


Pinnate (imparipinnate); C, bipinnate; D, tripinnate. 


nately or in an opposite manner, as in tamarind, gram, gold 
psd rain tree, sensitive plant, gum tree (Acacia), Cassia 
(В KALKASUNDE; H. KASONDI). etc. It may be of the follow- 


ing types: 


(1) Unipinnate (fig: 73A-B). When the mid-rib of the pin- 


leaf directly bears the leaflets, it is said 
шү) реше In it the 05 may be even іп number 
to be unipinni е те asin Cassia, Saraca (B. Asox; Н. 
(paripingseu 15, SEETA-ASOK), Sesbania (B. mak: 
PHUL; H. AGAST), etc., or odd in 
number (imparipinnate; fig. 73B), 
as in rose, margosa (B. & H. nim), 
etc. 

The pinnate leaf is said to be 
unifoliate, when it consists of 
only one leaflet, as in Desmo- 
dium gangeticum; bifoliate or 
unijugate (one pair) when of 
two -leaflets, as in Balanites 
Fic. 74. Bifoliate leaf of Balanites. (fig. 74) and sometimes in Tose; 
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trifoliate or ternate, when of three leaflets, as in bean, coral 
tree (Erythrina) and wild vine (Vitis trifolia; B. AMAL-LATA; 
H. AMAL-BEL). Ít may similarly be quadrifoliate, pentafoliate 
or multifoliate, according. as the leaflets are four, five or 
more in number. 

(2'Bipinnate (fig. 73C). When th 
twice pinnate, i.e. the mid-r 
bear the leaflets, it is said 
to be bipinnate, as in 
dwarf gold mohur (Caesal- 
pinia), gum. tree (Acacia), 
sensitive plant (Mimosa), 
etc, 

(3) Tripinnate (fig. 73D). 
When the leaf is thrice 
pinnate, ie, the secondary 
axes produce the tertiary 
axes which bear the leaflets, 


€ compound leaf is 
ib produces secondary axes which 


d . UEM FIG. 75. Decompound leaf oí 
ин pe Darm coriander (Coriandrum), 
» 
(Moringa; B. SAJINA; H. SAINJNA), and Oroxylum (B. soNa: 
Н. ARLU). 


B 
Palmate Leaves, ric. 76. À, multifoliate or 
dropsis; B, the same of silk co 
leaf of pummelo or shaddock (Citrus); 


c 
digitate leaf of Gynan- 
tton tree (Bombax); C, unifoliate 


—P winged petiole. 


(4) Decompound (fig. 75). When the leaf is more than 
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thrice pinnate, it is said to be decompound, as in anise, 
carrot, coriander, Cosmos, etc. 


2. Pahnately Compound Leaf (fig. 76). A palmately com- 
pound leaf is defined as the one in which the petiole bears 
terminally, articulated to it, a number of leaflets which 
seem to be radiating from a common point like fingers from 
the palm, as in silk cotton tree, lupin, Gynandropsis (B. 
SWET-HURHURE; H. HURHUR), etc. Leaflets are commonly 5 
or more (multifoliate or digitate), as in silk cotton tree (Bom- 
bax), sometimes 3 (trifoliate), as in wood-apple (Aegle), and 
wood-sorrel (Oxalis), rarely 1 (unifoliate), as in Citrus (e.g. 
pummelo or shaddock, lemon and orange), or 2 (bifoliate), 
or 4 (quadrifoliate). [It may be noted that the unifoliate leaf 
of Citrus is now regarded as a simple leaf.] 


MODIFICATIONS OF LEAVES 


Leaves of many plants which have to perform specialized 
functions become modified or metamorphosed into distinct 
forms. These are as follows: 

1. Leaf-tendrils (fig. 77-78). In some plants leaves are modi- 
fied into slender, wiry, often closely coiled structures known 
as tendrils. Tendrils are always climbing organs and are sen- 


A B à [el y 

Leaf- ils. Fic. 77. A, (Pisum) leaf with upper leaflets modified 

into pos P vn bel qLathyrus) with the entire leaves modified 

into tendrils; T, tendrils; S, stipules; C, glory lily (Gloriosa) with the 
f leaf-apex modified into a tendril. 
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sitive to contact with a foreign body. Therefore, whenever 
they come in contact with a neighbouring object they coil 
round it and help the plant to-climb. The leaf may be par- 
tially or wholly modified. Tlius in pea (Pisum; fig. 77 A) and 
Lathyrus sativus (B. & H. KHESARI) the upper leaflets only 
are modified into tendrils, while in wild pea (Lathyrus 
aphaca; fig. 77B) the whole leaf is modified into a tendril. In 
traveller's joy (Naravelia; fig. 78) the 
terminal leaflet alone is modified in- 
to a tendril, while in glory lily (Glo- 
riosa; B. ULAT-CHANDAL; H. KALIARI— 
fig. 77C) the leaf-apex only is so modi- 
fied. In sarsaparilla (Smilax; see fig. 63) 
the petiole splits into two strongly 
coiled tendrils one on each side. 
2. Leaf-spines (fig 79), Leaves of 
certain plants become wholly or par- 
FIG. 78. Leaf of Naravelia tially О modified for б defensive pur 
with the terminal leaflet pose into Sharp, pointed structures 
modified into а tendril (Т). known as spines. Thus in prickly 
pear (Opuntia; B. PHANIMANSHA; H. 


A) the minute leaves of the axillary 


© spines. The leaf-apex in date-palm, 


NAGPHANI—see fig. 57 
bud are modified int 


B 


Leaf-spines, rig. 79. A, barberry—primary leaves modified into 
spines (S); B, leaf of prickly or Mexican Poppy (Argemone) showing 
spines, 
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dagger plant (Yucca; see fig. 92) etc., is so modified, while in 
plants like prickly or Mexican poppy (drgemone; B. SHEAL- 
KANTA; H. PILADHUTURA; fig. 79B), American aloe (Agave), 
Indian aloe (Aloe), etc., spines develop on the margin as well 
as at the apex. In barberry (fig. 79A) the leaf itself becomes 
modified into a spine; while the leaves of the axillary bud are 


normal. 


FIG. 80. Development of phyllode in Australian Acacia. A, pinnately 
compound. leaf; B-C, petiole developing into phyllode; D, phyl- 
lode; and E, petiole and rachis developing into phyllode. 


3. Sealeleaves. Typically these are thin, dry, stalkless, 
membranous structures, usually brownish 
in colour or sometimes colourless. Their 
function is to protect the axillary bud 
that they bear in their axil. Sometimes 
scale-leaves are thick and! fleshy, as in- 
onion; then their function is to store up, 
water and food. Scale-leaves are com- 
non in parasites, saprophytes, under- 

ound stems, etc. They are also found 
in Casuarina (B. & H. JHAU), Asparagus, 


etc. 


4, Phyllode. In Australian Acacia (fig. 80) 
the petiole or any part of the rachis be- 
comes flattened or winged taking the 
shape of the leaf and turning green in 


пот ооо of colour. This flattened or winged petiole 
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or rachis is known as the phyllode, The normal leaf which 
is pinnately compound in nature develops in the seed- 
ling stage, but it soon falls off. The phyllode then performs 
the functions of the leaf. In some species, however, young or 
ts are seen to bi 
leaves together with the 
species of Austral 
Jerusalem thorn 


5. Pitcher (fig. 82). In the pitcher plant (Nepenthes khasi- 
ana) the leaf becomes modified into a pitcher, The pitcher 
may be as big as 20-23 cm. in height, sometimes a little more. 


B 
T 


Fic. 82. A, pitcher plant (Nepenthes); B, a pitche 


It has a long, slender but rigid stalk which often 
tendri 


il holding the Pitcher vertical, and the basa. 


coils like a 
1 portion is 
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flattened like a leaf. The pitcher is provided with a lid which 
covers its mouth when the pitcher is young. The function of 
the pitcher is to capture and digest insects. The morphology 
of the leaf of the pitcher plant is that the pitcher itself is 
the modification of the leaf-blade, the inner side of the pit- 
cher corresponding to the upper surface of the leaf; the lid 
arises as an outgrowth of the leaf-apex. The slender stalk 
which coils like a tendril is the petiole. The laminated 
structure which looks like and behaves as the leaf-blade 
develops from the leaf-base. 


6. Bladder (fig. 83). Bladderwort (Utricularia) is a root- 
less, free-floating herb common in many tanks. The leaf 


Fic. 83. 
Bladderwort 
(Utricularia) 


J : Ze < 7 Zn be 
with many >> IR 


small bladders; 


е ГЕ ЫИС 
4 7 Qj NS S 


of this plant is very much segmented. Some of these seg- 
ments are modified to form tiny bladders, each with a 
trap-door entrance which allows aquatic animalcules to pass 

me out. A few species of land Utricularia 


in, but not to СО 5 s 
ae Met eon on hill slopes in Shillong and other hill 


stations. 


PHYLLOTAXY 

The term phyllotaxy (phylla, leaves; taxts, arrangement) 
means the various modes in which the leaves are arranged on 
h. The object of this arrangement is 


the stem or the branc 
to avoid shading one another so that the leaves may get the 
maximum amount of sunlight to perform their normal func- 
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^ tions, particularly manufacture of food. Three principal 
types of phyllotaxy are noticed in plants. 


(1) Alternate or Spiral (fig. 84A), when a single leaf arises 
at each node, as in tobac 


co, China rose, mustard, sunflower, 
garden croton, etc, 


(2) Opposite (fig. 84B), when two leaves arise at each node 
standing opposite each other. In opposi 


same plane. Such an arrang 


Dosed, as in guava, Rangoon creeper (Quisqualis; B. sax- 
DHYAMALATI; H. LALMALATI), 


Types of Phyllotaxy. ric, 84. A, alternate 
B, opposite phyllotaxy of madar (Са 
taxy of oleander (Nerium); D, dit 


Phyllotaxy of China тозе; 
lotropis); С, whor]ed phyllo- 
to of devi] tree (Alstonia). 


this case are seen to be 
Now, if an imaginary 
ed round the stem 
» it is seen that the 
tands vertically over 
is imaginary spiral line passing round 
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the stem through the bases of successiv 3 

the Ligas spiral, and the vertical ege Te га 
о. i ae known as the orthostichy (orthos, straight; 

(1), Phyllotaxy 4 or disticho 

traveller’s tree (Ravenala; fig. 85), pe teal In grasses, 
etc, the third leaf. pang ‚ Vanda (see fig: 42), 
always stands over the А > 

first (starting any- 
where). Thus there 
are only two orthosti- 
chies, ie. two rows of 
leaves, and therefore, 
the phyllotaxy is disti- 
chous. From the start- 
ing leaf to the third 
leaf the genetic spiral 
makes only one turn. 
Leaves are thus placed 
at half the distance of 
a circle, and the phyllo- 
taxy is expressed by the 
fraction }, the nume- 
rator indicating 1 turn 
of the genetic spiral 
and the denominator 
the number of inter- 
vening leaves, 1.6. 2 (leaving out the third leaf which stand: 
over the first). 5 


The genetic s 


Fic. 85. Traveller's tree (Ravenala) 
showifig distichous phyllotaxy, 


piral makes one complete turn in this case. 
subtending an angle of 360? in the centre of the circle, e 
it involves two leaves; $0 the angular divergence, that is, the 
angular distance between any two consecutive leaves, is 4 


of 360°, i.e. 180° 

(2) Phyllotaxy 1 or tristichous (fig. 87). In sedges (B. & H 
MUTHA) the fourth leaf stands vertically over the first one, 
and the genetic spiral makes one turn to reach that leaf, and 
it involves three leaves. Thus there are three orthostichi 
ie. three rows of leaves. Leaves are thus placed at uh 
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third the distance of a circle. Phyllotaxy is, therefore, tristi- 
chous or 3. The angular divergence is 1 of 360°, i.e. 120°. 


FIG. 86 FIG. 87 


Phyllotaxy and Angular Divergence. Fig. 86, A, phyllotaxy 3; B, 
angular divergence 180°, Fig. 87. 4, phyllotaxy j; B, angular 
divergence 120*. 


3) Phyllotaxy 2 or entastichous 
y Ут P 


(fig. 88). In China rose 
the sixth leaf stands Over the first, 


and the genetic spiral 


Fic. 88. 4, phyllotaxy 1; B, angular divergence 144°, 

completes two circles to come to that particular leaf, Thus 
there are five orthostichies, Le. five rows of leaves, and two 
turns of the genetic spiral involving five leaves. The latter 
are thus placed at two-fifths the distance of a circle. 
Phyllotaxy is, therefore, Pentastichous or 2. This is the 


commonest type of alternate phyllotaxy. The angular diver- 
gence in this case is? of 360°, ie. 144° 
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(The same fraction can also be arrived at by adding separately the numera- 

tors and the denominators of the two previous cases, eg. 1*! =?, The 
i 1+2 GLAD TA 

next case will, therefore, ез =}, and so on, Fractions higher than # 

are not commonly met with). 


Leaf Mosaic. in the floors, walls 
and ceilings of many temples and 
decorated buildings we find setting of 
stones and glass pieces of variegated 
colours, shapes and sizes into parti- 
cular designs. Each such design is 
known as a mosaic, Similarly in 
plants we find the setting or distri- 
bution of leaves in some definite de- 
signs, Each such design of leaf-distri- 
bution is known as leaf mosaic. 
Leaves are in special need of sunlight 
for manufacture of food material, and 
this being so, they ge to fit in 
with one another and adjust them- " 
selves in such a way that they may FIG. 89. Leaf mosaic of Acalypha. 
secure the maximum amount of sunlight with the minimum amount of 


overlapping. 


Functions of the Leaf. Normal functions of the green 
foliage leaf are threefold: (1) manufacture of food material, 
(2) interchange of gases between the atmosphere and the 
plant body, and (3) evaporation of excess water through 
the leaf. Besides, the fleshy leaf is used to store up water 
and food. In a few cases the leaf produces buds on it for 
vegetative propagation of the plant. The leaf also gives 
necessary protection to the bud in its axil. A modified leaf 
has a specialized function (see pp. 69-73). 

(1) Manufacture ef Food. The primary function of the 
leaf is to manufacture food, particularly sugar and starch, 
during the daytime only, ie. in the presence of sunlight 
which is the original source of energy to the plant. The 
leaf manufactures food with the help of chloroplasts con- 
tained in it out of water and carbon dioxide obtained from 
the soil and the air respectively. The upper side of the leaf 
is deeper green in colour with more abundant chloroplasts, ~ 
and also the sunlight falls directly on the upper surface and, 
therefore, food manufacture normally takes place in this 


Tegion. 
(2) Interchange 
the leaf a regular ех 


of Gases. Through the lower surface of 
change of gases takes place between the 
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atmosphere and the plant body through numerous very 
minute openings, called stomata (see fig. 11/36) which re- 
main open during the daylight only. The gases concerned 
are oxygen and carbon dioxide. This exchange of gases is 
mainly for two purposes: respiration by all the living cells 
Which absorb oxygen and give out carbon dioxide, and food 


manufacture by green cells only which absorb carbon 
dioxide.and give out oxygen. 


PART I 


the apices of veins, particula; 


(4) Storage of Food. Fleshy leaves of Indian aloe (B. 


GHRITAKUMARI; H, GHIKAVAR), Portulaca (B. NuntA-sax; H. 
KULFA-SAG) and fleshy scales of onion store up water and food 
for 


i - Leaves of sprout leaf plant 
(Bryophyllum; see fig. 45A), elephant-ear plant (Begonia; 
sce fig. 45B) produ: 


Heterophylly. Many plants bear different ki 
the same individual Plant. This c 
heterophylly (h 
phylly is met with in 
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parent reason. Common examples are Artocar; 
s us chapl 
(fig. 90B), jack (4. heterophyllus) in the sect ae od 


Heterophylly. ric. 90. A, Cardanthera triflora; B, , 
lasha; С, Hemiphragma и chap- 

Hemiphragma heterophyllum (fig. 90C), Ficus heterophylla 
etc. In Hemiphragma, a prostrate herb in Shillong nd 


Darjeeling, the leaves are of two 
kinds—broad and needle-shaped. 


Homology and Analogy. Homology is 
the morphological study of modified or- 
gans from the standpoint of iheir ori- 
gin, and analogy is the study of or- 
gans from the standpoint of their iden- 
tical structure and function; ог in 
other words, organs which have the 
same origin, and are, therefore, mor- 
phologically the same, whatever ' be 
their structure and function, are 
said to be homologous with one 
another, and organs which resemble 
one another in their structure and 
are adapted to the performance of 
identical functions, although their ori- 
gin is diferent, are said to be ana- 
logous with one another. Thus all 
tendrils, whatever be their position, 
are analogous with one another, being 
structurally the same and having the 
same function; but tendrils of passion- 
flower (see fig. 54A) are homologous with 
axillary buds, i.e. modifications of the тб. Ol. Arrowhead 
latter, and tendrils of pea (see fig. 77A) are (Sagittaria) showing 
homologous with leaflets. Similarly tendrils heterophylly. 


; І 
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of passion-flower and thorns of Duranta (see fig. 56A) are ссе ти 
structures, both having the same origin in the axils of leaves p Pci 
fications of axillary buds, Likewise the rhizome, the tuber, the жы Ks 
root, the napiform root, etc., are analogous structures, bcing adapte A 
the performance of identical function, i.e., storage of food; but it un 
be noted that the former two (rhizome and tuber) are homologous w : 
the stem, being modifications of it, while the latter two (fusiform Too! 
and napiform root) are homologous with the root, being modifications of it. 


CHAPTER 7 Defensive Mechanisms in Plants 


The animal kingdom as a whole is 
parasitic upon the plant kingdom, an 
must eith 


l. Armature. Various par 
form of arms or defensiv 
the attack of berbivorous 


ts of the plant body may take the 
€ weapons for self-defence against 
animals. These are as follows: 


thick-skinned animals. They are usually axillary in position, 
or sometimes terminal. Pla 


MOYNA), lemon, pomegranate, 
H. KARONDA) and many others are well provided with 
thorns for self-defence. 


Y Poppy (see fig. 79B), Ame- 
etc. In dagger plant (Yucca; 


2 and pointed spine, 
and is directed obliquely outwards. It a i 
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pointed like the thorns, but are usually curved and have 
a superficial origin; they are’ further irregularly distri- 
buted on the stem, branch or leaf. Prickles are commonly 
found in cane and rose (see fig. 3), coral tree (Erythrina) 
атов tree. (Bombax), Prosopis (B. & H. SĦOMI) etc. 
‘lobe thistle {£chinops) and prickly or i SD. 
(Argemone; see fig. TR k T - d rn Pini 


are armed with both 
prickles and spines for 
self-defence. Р 

(4) Bristles are short, 
stiff and needle-like 
hairs, usually growing 
їп clusters, and not 
infrequently barbed. 
Their walls are often 
thickened with a depo- 
sit of silica or calcium 
carbonate, Bristles are 
commonly ‘met with in 
prickly pear (Opuntia; 
see fig. 57A) and in 
many other cacti. 

(5) Stinging Mairs. 
Nettles (B. вїснитт; Н. 
BARHANTA) develop 
stinging hairs on their 
leaves or fruits or all 
Over their body. Each 
hair (fig. 93) has a sharp 
Siliceous apex which 
Teadily breaks off even 


V i y їс. 92. Dagger plant or Adam's 
үр touched папе ki needle (Yucca), 


Be sharp poi prne, d at once the acid poison of the 


We into the skin, Qu Rd 
1 H а H o. en 

I Ge akin) AeA MS pressure. This аа, causes 
a sharp burning pain, often attended with ein dun 
There are various kinds of nettles. e.g. Laportea (=Fleurya; 
B. LAL-BICHUTI)—an annual weed, Tragia (B. To H. 
BARHANTA)—a twiner, fever OF devil nettle (Laportea)—a 
shrub, cowage (Mucuna: B. ALKUSHI; H. KAWANCH)—a large 


bous) base is injected into 
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ingi i em 
twiner, etc: In cowage the stinging hairs develop on th 


fruit. 


(6) Hairs. A dense coating of hairs, as in 
cudweed (Gnaphalium) and Aerua or presence 
of stiff hairs, as in some gourd plants (Cucur- 
bita), on the body of the plant, is always repul- 
sive to animals as these hairs stick on to their 
throat and cause an irritation or a choking sen- 
sation. Many plants bear glandular hairs which 
secrete a sticky substance. Any animal feeding 
upon such a plant finds it difficult to brush them 
off from its mouth. Plants bearing glandular 
hairs are thus never attacked by grazing animals, 
€.g. tobacco (Nicotiana), Boerhaavia (B. PUNAR- 
Nava; H. SANTH; see fig. 162A), Jatropha (B. & 


H. BHARENDA), Plumbago (B. снітА; Н. сніт- 
RAK), etc. 


2. Other Devices of Defence. Many plants 
secrete poisonous and irritating substances; such 
Plants are carefully avoided by animals which 


Possess the power of distinguishing between 
poisonous and non-poisonous ones. 


skin. Plants like mad. 
oleander (Nerium), pe 
contain latex, 


ез extremely poisonous, and 
ient to kill à strong animal. 
them found in plants, e.g. strych- 
phine in opium Poppy, nicotine in 
ura, Quinine in Cinchona, etc. 

(3) Irritating Substance, Plants like many aroids, e.g. taro 
(Colocasia; B. kaCHU; H, x 

H. KANDA), etc., possess n 
pointed crystals of calcium 
11/18). These crystals, wh 


tobacco, daturine in Dat 
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ihe tongue and the throat and cause irritation. Therefore, 
such plants are never attacked by grazing animals. 

(4) Bitter Taste and Repulsive Smell. These are also 
effective mechanisms to ward off animals. Paederia foetida 
(B. GANDHAL; H. GANDHALI) emits a bad smell so that no 
animal likes to go near it. Plants like 
sacred basil, mint, Blumea lacera (B. 
KUKURSONGA; H. KOKRONDA), Gynan- 
dropsis, etc., also emit a strong dis- 
agreeable odour. The fetid smell of 
the inflorescence of Amorphophallus 
(see fig. 136) is very offensive and nau- 
seating. Margosa, bitter gourd, Andro- 
graphis (B. KALMEGH; H. MAHATITA), 
etc., have a bitter taste and, therefore, 
animals avoid them. 


(5) Waste Products. Many plants 
contain various waste products such as 
tannin, resin, essential oils, raphides, 
silica, etc., which keep them free from 
the attack of animals. 


FIG, 94. Snake or cobra 


(6) Mimiery. Certain plants also Purse. 
protect themselves against grazing 
animals by imitating the general appearance, colour, shape 
or any particular feature of another plant or animal, which 
has developed a special weapon of defence; for instance, 
there are certain aroids (e. g. varieties of Caladium) which 
resemble multi-coloured and variously spotted snakes. 
Leaves are also variously spotted and striped in many spe- 
cies of bowstring hemp (Sansevieria; B. MURGA; H. MARUL) 
and other allied plants. The inflorescence of devil's spittoon 
(Amorphophallus bulbifer) emerging out of the ground im- 
poses a frightening look. Herbivorous animals, possibly mis- 
taking them for snakes or some other threatening creatures, 
carefully avoid them. In snake or cobra plant (Arisaema; 
fig. 94), common in Shillong during the rains, the spathe is 
greenish-purple in colour and it expands over the spadix like 
the. hood of the cobra. T'his act of imitating the appearance, 
colour or any particular feature of another plant or animal 


is called mimiery (mimikos, imitative). 
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Plants have also to protect themselves against the attack 
of many parasitic fungi and gnawing insects, and also against 


the scorching rays of the sun; this they do by developing cork 
and bark. 


CHAPTERS The Inflorescence 


The branch system of the flor. 
flowers is called inflorescence. 
of branching different kinds o 
existence, 

distinct gr 
definite. 


al region bearing a group of 
Thus depending on the mode 
f inflorescence have come into 
and these may primarily be classified into two 
OUps, viz. racemose or indefinite and cymose Or 


Here the main axis of inflores- 
ower, but it continues to grow 
ly. The lower or outer flowers 
earlier than the upper or inner 
ng of flowers is centripetal. Some 
of the common types are as follows. 


1. WITH THE MAIN AXIS ELONGATED 


(1) Raceme (fig. 95A). The main axis in this case is 
elongated and it bears laterally a number of flowers which 


Racemose Inflorescences. FIG. 95, 4, 

(diagrammatic): C, spikelet of a grass (diagrammatic); G,, first empty 

glume; G,, second empty glume; FG, flowering glume (lemma); and P, 
lberry. 


с р 
Taceme of dwarf gold mohur; B, spike 


palea; D, female catkin of mu 
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are all stalked, the lower or older flowers having longer 
stalks than the upper or younger ones, as in radish, mus- 
tard, dwarf.gold mohur (Caesal- 
pinia), etc. When the main axis 
of the raceme is branched and 
the lateral branches bear the 
flowers, the inflorescence is said 
to be a compound raceme or 
panicle (fig. 96), as in gold 
mohur (Delonix). 

The main axis of the inflorescence together 
with the lateral axis, if present, is known 
as the peduncle. The stalk of the indivi- 
dual flower of the inflorescence is called 
the pedicel. In some solitary flowers such 
as China rose, gold mohur (see FIG. 105), 
etc., the peduncle and the pedicel may 


be clearly marked out due to the presence › 
of an articulation оп the floral axis. нс. 96, A panicle 


When the peduncle of an inflorescence р 
is short and dilated forming a sort of convex platform, as in sunflower (see 


fig. 99), or becoming hollow and pear-shaped, as in fig (Ficus), it is often 
called receptacle (see fig. 103). 
(2) Spike (fig. 95B). Here a 


Iso the main axis is elongated 
and the lower flowers are 
older, opening earlier than the 
upper ones, as in raceme, but 
the flowers are sessile, that is, 
without any stalk. Examples 
are seen in tuberase, Adhatoda 
(B. BASAK; H. ADALSA), amar- 
anth (B. NATE-SAK; H. CHULAI), 
chaff-flower (Achyranthes; B. 
APANG; H. LATJIRA), etc. 


(3) Spikelet (fig. 95C). This is a 
very siaall spike with one or a few 
small flowers (florets), In it there are 
two small empty glumes at the base, 
and just above them a flowering glume 
called lemma with a flower in its axil, 
and opposite to the lemma there is 
a small 2-nerved bracteole called palea. 
The flower remains enclosed by the 
lemma and the palea. Succeeding 
flowers likewise occur within the lem. 
ma and the palea. Spikelet is charac- 
teristic of the grass family, e.g. grasses, 
paddy, wheat, sugarcane, bamboo, etc. 


FIC. 97. Spadix of an aroid (Typho- 
nium); 4, female flowers; B, male 
flowers; C, appendix; D, spathe- 
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(f) Catkin (fig. 95D). This is a spike with a long and 
pendulous axis which bears unisexual flowers only, e.g. 


mulberry (Morus), Acalypha tricolor, birch (Betula) and oak 
(Quercus). 


(5) Spadix (fig. 97). This is also a spike with a fleshy axis 
which is enclosed by one or more lar 


ge, often brightly co- 
loured bracts, called Spathes, as in aroids, banana and 


palms, The spadix is found in monocotyledons only. 


Il. WITH THE MAIN AXIS SHORTENED 


(7) Umbel (fig. 98B-C). Here the prima 
and it bears at its tip a group of fl 


B 
» Corymb; B, a compound umbel; C, a simple 


FIG. 98, A g 


umbel. 
flowers, as in anise or fennel, Coriander, cumin, carrot, etc. 
Sometimes, however, it is simple or unbranched (simple um- 
bel), the main axis directly bearing the flowers, as in Indian 


pennywort (Centella) and wila coriander (Eryngium). Um- 
bel is characteristic of coriander family. 
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Ill. WITH THE MAIN AXIS FLATTENED 


(8) Head or Capitulum (fig. 99). Here the main axis or 
receptacle is suppressed, becoming almost flat, and it bears 


ric. 99. 
Head or 
capitulum. 


involucro); 


B, a head in 
longitudinal 
section. 


a mass of small sessile flowers (florets) on its surface, with 
one or more whorls of bracts at the base forming an in- 
volucre. In the head the outer flowers are older and open 
earlier than the inner ones. The florets are commonly of 
two kinds—ray florets (marginal strap-shaped ones) and 
dise florets (central tubular ones). The head may also con- 
sist of only one kind of florets. A head or capitulum is 
characteristic of sunflower family (e.g. sunflower, marigold, 
safflower, Zinnia, Cosmos, etc). It is also found in gum 
tree (Acacia), sensitive plant (Mimosa), Anthocephalus (B. 
& H. kapam), Adina (B. & H. KELI-KADAM), etc. 


The advantages of this kind of inflorescence are that the 
head as a whole becomes more showy and attractive, and the 
florets being close together, one or a few insects can polli- 
nate most of them within a short time. 


he main axis ends in a 
2. Cymose Inflorescences. Here th 
flower and similarly the lateral axis also ends in a flower. 
Thus the growth of each axis is checked. In cymose inflores- 


cences the terminal flower is always older and opens earlier 


than the lateral ones, i.e. the order of opening of flowers is 
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centrifugal. Cymose inflorescen 
types. 
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Cymose Inflorescences, ric, 100. A, bi 
C, helicoid 


day lily ( 
a helicoid (or 
hand when the 
evidently formi 


(B. 


Ruished 
Tact to a flower. 


to a flower, while in a racem 


Озе type 


; in a symp 
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ces may be of the following 


Parous cyme; В, Scorpioid cyme; 
cyme, 


me-not, heliotrope 
Tassula, cotton and Freesia, 
to be a scorpioid (or alter- 


zigzag or curved, but 
thus forming a central 
branches. This type of 
(syn, together; podos, 
by examining the 


ct appears opposite 
he base of a flower. 


In this type of inflores- 
and at the same time it 
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jasmine, teak, night jasmine, 1хота (B. RANGAN; Н. GOTAGAN- 
DHAL), etc. 


(3) Multipareus or Polychasial Cyme. In this kind of 
cymose inflorescence the main axis, as usual, ends in a flower, 
and at the same time it again produces a number of lateral 
Bowers around. There being a number of lateral flowers 
developing more or less simultaneously, the whole inflores- 
cence looks like an umbel, but is readily distinguished from 


the latter by the opening of the middle flower first. This is 


seen in madar (Calotrofis; B. axanpa; H. ak), and blood 
flower (Asclepias; B. KAKTUNDI; Н. KAKATUNDI). 


xed Forms. In a compound inHorescence the main axis 
branches bear the flowers. Thus raceme may be branched 
otherwise called panicle (see fig. 96), as in gold 
mohur, margosa, dagger plant, etc. Similarly other compound forms may 
be met with; for example, à compound spike, as in wheat; compound 
spadix, as in palms; compound corymb, 45 in candytuft; compound 
umbel, as in coriander and anise; and compound head, a5 in globe thistle 
(Echinops). Mixed inflorescences are also not uncommon; thus two racemose 
types, e.g. raceme and umbel, raceme and spike, may be mixed up; some- 
times racemose and cymose types may be combined in the same inflorescence. 


3. Special Types. The following types may be noted. 


Compound and Mi 
is branched and the 
into a compound form, 


(1) Cyathium (fig. 101). This is a special kind of inflores- 
cence found in Euphorbia, c.g. poinsettia (B. & Н. LALPATA), 
spurges (B. & H. sij), etc, and also in jew's slipper (Pedi- 


Fic, 101. , 
Cyathiumof poinsettia. 


AM cyathium; 


B, the same in section 
a, female flower; 
b, male flowers. 
Note the involucre 
with nectar glands. 


lanthus; B. RANG-CHITA- H. NAGDAMAN). In cyathium there 
is a cup-shaped involucre, often provided with nectar- 
secreting glands. The involucre encloses a single female 
flower (reduced to à pistil) in the centre, seated on a com- 
paratively long stalk, and a number of male flowers (each 
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reduced to a solitary stamen) around this, seated on short 
slender stalks. That each stamen is a single male flower is 
evident from the facts that it is articulated to a stalk (ped- 
uncle) and that it has a scaly bract at the base. The flowers 
follow centrifugal (cymose) order of development. The 
female flower in 
the centre matures 
first, and then the 
Stamens (male 
flowers) gradually 
outwards, 
(2) Verticillaster 
d B (fig. 102). This is а 
FIG. 102, “>, diagrama oot 4, veiller Special form of 


i family, e.g. Coleus, 
i » Н. PODINA), Leonurus (B: DRONA; 
HALKUSHA), etc, In d 


Sanctum; B, g. E 
the Verticillaster is a con- 
! dens Суше, succeed- 


EK Hypanthodium (fg. 


ing guarded by scales, 


FIG, 103, Hypanthodium of fig (Ficus). 
on the inner wall of the %, male flower, b, female flower. 


€ male flowers higher up 
towards the apica] pore. 
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Inflorescences 
| 
Racemose к Cymose Special types 
—raceme, e.g. radish —uniparous: —cyathium, e.g. 
—spike, e.g. amaranth helicoid, Euphorbia 
e.g. Begonia —verticillaster, 


—spikelet, e.g. grasses 
—catkin, e.g. mulberry scorpioid, e.g. Leonurus 
—spadix, e.g. banana ;ég. heliotrope | —hypanthodium, 


—corymb, e.g. candytuft —biparous. e.g. Ficus 
—umbel, e.g. coriander e.g. jasmines 
—capitulum, e.g. sunflower —multiparous, : 

e.g. madar 


cHAPTER 9 The Flower 


The flower is a highly modified shoot meant essentially 
f the plant. Typically it is a collection 


for the reproduction o 
of four different kinds of floral members arranged in four 
separate whorls or circles in a definite order. Of the four 


whorls the upper two are called essential or reproductive 
whorls, and the lower two helping or accessory whorls. The 
essential whorls take direct part ım reproduction. 


A 


n longitudinal section showing 


; B, a flower i 
OE the thalamus (Th). 


on of the whorls on 
Paris of a Flower (figs. 104-5). The flower js commonly borne 
on a short or long axis. The axis itself is made up of two 
regions, viz. the icel which 18 the stalk of the flower, and 
fhe thalamus which is the swollen end of the axis with the 

The pedicel may Бе Нос or 


floral inserted om it. ; 
long prio aet: A typical flower consists of four whorls 


Fic, 104, A, parts OF 
the positi 


- above the other. 


92 A CLASS-BOOK OF BOTANY PART I 


arranged in a defi- оттока 
nite order, one just 


^ +— STYLE 


POLLEN 
The whorls and EDU]. LEN At ДЫ 
their component Pu sag OVARY 
Parts are as follows. $ j 
OVARY 
(I) Calyx is the v GYNOECIUM 


BTAME Ns, 
first or the lower- por 
most whorl of the e à 
flower, and consists 


of a number of 
green leafy sepals. 


(2) Corolla is the 
second whorl of the 
flower, and consists 
of a number of 
usually brightly 
coloured petals. 


(3) Androecium 
(andros, male) is 
the third or the 
male whorl; its 
component parts 
are called stamens, 
Each stamen і 
made of three parts 
—filament, anther 
and connective 
(fig. 105). The an. 
ther -bears four 
chambers or pol- eC vor 
len-sacs, each filled N 


with a granular D P 
mass of small Ly 


(male) spores, call- S «ЖА СС» 


ed pollen grains. | ралып £ 
B V 
(4)  Gynoecium CAL е 
(гупе, female) or I 
LEN. a - 105, F 
pistil is the fourth Dein ee of gold mohur 


regia) dissected out. 
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or the female whorl, and its component parts are called 
carpels, The gynoecium is made of three parts— ovary, 
style and stigma (fig. 105). The ovary encloses some minute 
egg-like bodies called ovules. Each ovule encloses a large 
oval cell called embryo-sae (see fig. 131). 

Some Descriptive Terms. The flower is said to be com- 
plete when all the four whorls are present, and incomplete 
when any of them is absent. When both stamens and car- 
pels are present the flower is said to be bisexual or herma- 
phrodite, and when any of them is absent the flower is 


said to be unisexual The unisexual flower may, there- 


fore, be staminate or male when only stamens are present, 
or pistillate or femalé when only carpels are present. When 
both stamens and carpels are absent from a flower it is said 
to be neuter. When the calyx and the corolla are more 
or less similar in shape and colour, i.e. not clearly distin- 
guishable, they are together known as the perianth of the 
flower, as in lilies, tuberose, onion, garlic, Asparagus etc. 
Thalamus. Nature of the Thalamus. The thalamus (fig. 
104B) is the suppressed swollen end of the flower-axis (pedi- 


cel) on which are ins 


erted the floral leaves, viz: sepals, 


с 
уч B ; боп. 
T f Gynandropsis; B, passion-flower; C, flower 
halamus. ric. 106. A. fewer O° a tube adnate to gynophore). 4, andro- 


of Pterospermum (with the stamina 
А f phore; G, gynophore. 


i is 

tals, stamens and carpels. In most flowers this а 

exceedingly shorti but in a few cases it becomes oa d 
and then it shows distinct nodes and internodes. 
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| 
І 
lon- 
internode between the calyx and the corolla may be e 


Concave and pear-sha, 


it. In rose (fig. 107B) it is 
к eu aped. The thalamus of lotus (fig. 107C) 
1$ spongy and top-sha; i 


ped. In anise, coriander, balsam, etc. 
the thalamus elon 


c ongates upwards into a slender axis with the 
carpels remaining attached to it at first and separating 


m it afterwards on maturity; such an axis is called 
carpophore (see fig. 148A). 


Position of Floral Leaves 9n the Thalamus (fig. 108). The 
relative positions of the flora] 


Whorls with respect to the 

ovary are of three kinds: hy Буу, perigyny and epigyny. 
(1) Hypogyny. In a typical flower the Ovary occupies the 
highest Position on the thalamus, while the stamens, petals 
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and sepals are separately and successively inserted below the 
ovary. Such a flower is said to be hypogynous. In this case 


A A 
Thalamus (contd.) ric. 108. A, 


B Cc 
hypogyny; B, perigyny (two types—A & В); 
C, epigyny. 


the ovary. is said to be superior a 
members inferior. Examples are see 
China rose, Magnolia, etc.. 
(2) Perigyny. In some flowers the thalamus grows up- 
ward around the ovary in the form of a cup, carrying on its 
d stamens. Such flowers are said 


rim the sepals, petals an : | flov 
to be perigynous, and the ovary in them 15 said to be half- 
inferior. Examples are seen in rose, plum, peach; crepe 
flower, etc. 

(3) Ерізупу. In other flowers 
upward, completely enclosing t 
with it, and bears the sepals, peta 


of the ovary. Such flowers are said 
ovary in this case is said to be inferior, 
floral members superior. Examples are seen 
guava, gourd, cucumber, apple, pear, etc. 
Bracts (fig. 109). Bracts are special leaves from the axil of 
which a solitary flower, ОГ а cluster of flowers, arises. When 
a small leafy or scaly structure is present оп any part of the 
flower-stalk (pedicel) it goes by the name of bracteole. Bracts 
vary in size, colour and duration, and are commonly of the 
following kinds. 48. 
(1) Leafy Вғасів. These are green, flat and D in 
i b URI; H. KUPPI) 
appearance, as in Acalypha MUKTOJHURI ү 
Adhatoda (B. влзлк; Н. АРАА), Gynandropsis, etc. | 
(2) Spathe (4-8). This is 2 large, sometimes very large, 


nd the rest of the floral 
n in mustard, brinjal, 


the thalamus grows further 
he ovary and getting fused 
Is and stamens on the top 
d to be epigynous, The 
and the rest of the 
in sunflower, 
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commonly boat-shaped and brightly coloured bract, enclos- 
ing a cluster of flowers or even a whole inflorescence (spadix). 
It protects the flowers while they are still young, and later 


attracts insects for pollination by its colour. Examples are 
seen in aroids, 


banana, Palms, maize cob, etc. 


| | f J 


» involucre of sun- 
> F, glumes of paddy grain 


are brightly colourcd 
as in glory of the 


bhorbig and poinsettia (Eu- 


Rak LALPATA), 


Owers when young. 
green, and may be 


5 is a whorl eh br 
УХ, as in: China 
finger, etc. 
(6) Glumes (F). These ar 


3 j © Special bracts, small and dry, 
found in the spikelets of Втазз family and sedge family only 


acteoles developing 
Tose, cotton, lady's 
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FLOWER IS A MODIFIED SHOOT 


The following facts may be cited to prove that the thalamus 
is a modified branch; sepals, petals, stamens and carpels are 
modified vegetative leaves; and the flower as a whole a 
modified vegetative bud. 


(Z) In some flowers the thalamus be- 
comes elongated showing distinct nodes 
and internodes (see figs. 106-7), as in 
Gynandropsis, passion-flower, etc. The 
thalamus may, therefore. be regarded 
as a modified branch. 


(2 The thalamus sometimes shows 
monstrous development, i.e. after bearing 
the floral members it prolongs upwards . 
and bears ordinary leaves. The thalamus 3 
thus behaves as a branch, as sometimes 
seen in rose (fig. 110), larkspur, pear. etc. 


(3) The arrangement of sepals, petals, 
etc., on the thalamus is the same as that 


ranch, ғ! 110. Rose showing 
of the leaves on the stem or the b monstrous development 


being either whorled, alternate (spiral) о the thalamus 


or opposite. 

(4) The foliar nat 
their similarity to 
venation: in fact, !n 


ure of sepals and petals is evident from 
leaves as regards structure, form and 
Mussaenda (fig. 111A) one of the sepals 


A 


1 i into a leaf: B Я 
3 enda flower with a sepal modified in! ; B, wate 
ds ty бош eher transition of floral parte (вее азо fig 112) 


7 
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1 t 
becomes modified into a distinct white or coloured ep 2 
rpels are unlike leaves in all respects. а 
leaves can be made out from certain flowe e 
water lily flower (figs. 111B & 112) shows a gradual tra 


stamens and са 
homology with 
Thus 


dat 


Sepal——______ Pctale— — — — .. stamens 


FIG. 112, Transition of f 
sition from se 
cultivated ros 
Rosa canina) 


oral parts in water lily flower. 


he 
Pals to petals and from petals to stamens. T 
€ shows man 


- In pineapple abota 
one or more vegetative buds or bu 

(see fig. 111/42) for vegetati 

on to ance. 
they have been derived, 
Symmetry of the Flower, 
when it can be divided in 
Vertical section Passing th 
also said to be regular 


A flower is said to be тише 
to two exactly equal halves by @ 2 
Tough the centre. Such а flower d 
Or actinomorphic, eg. iud 
> €tc. When a flower can be divide 

into two Similar 


one such vertical section only, it is 
said to be Zygomorphie, eg. 


it cannot b, 
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leaving out the gynoecium) have an equal number of parts 
or when the number in one whorl is a multiple of that of 
another. Such a symmetrical flower is said to be trimerous 
when the number of parts in each whorl is 3 or any multiple 
of it, as mostly in monocotyledons, and pentamerous when the 
humber is 5 or any multiple of it, as mostly in dicotyledons. 


(1) CALYX 


Calyx is the first or the lowermost whorl of the flower, and 
consists of a number of sepals. It is usually green (sepaloid). 
but sometimes it becomes coloured (petaloid), as in gold 
mohur, dwarf gold mohur and garden nasturtium. It varies 
in shape, size and colour; it may be regular, zygomorphic, 
or irregular. The sepals may remain free from each other or 
they may be united together; in the former case the calyx 
is said to be polysepalous (polys, many,) as in mustard, 
radish, etc., and in the latter it is gamosepalous (gamo, 
united), as in brinjal, chilli, potato, etc. The calyx may 
sometimes be altogether absent from a flower, or it may be 
modified into scales, as in sunflower, marigold, etc., or into 
pappus (see fig. 156A), as in Tridax and many other plants 
of sunflower family. In Mussaenda (see fig. 111A) one of the 
sepals becomes large, leafy and often yellow or orange, 
sometimes scarlet or white. 

Functions. (7) Protection, as in most flowers. (2) Assimila- 
tion, when green in colour. (2) Attraction, when coloured 
and showy. (4) Special function, when modified into pappus 


(see fig. 156A); the pappus is persistent in the fruit and 


helps its distribution by fhe wind. 

Duration. The calyx may fall off as soon as the floral bud 
opens, as in poppy. More commonly it falls «Ё with the 
corolla when the flower withers; it is then said to be deci- 
duous. Sometimes'it persists and adheres to the fruit; then 
it is said to be persistent. A persistent calyx may remain 
green, as in brinjal, or it may assume a withered appearance, 


as in cotton, or it may continue to grow and become fleshy, 
as in Dillenia (B. & Н. снліта). 


(2 COROLL A 
Corolla is the second whorl of the flower, and consists of 


a number of petals. The petals are often brightly coloured 
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and sometimes scented, and then their function is to attract 
insects for pollination; they are rarely sepaloid. In the bud 
Stage of the flower the corolla encloses the essential organs, 
namely, stamens and carpels, and protects them from exter- 
nal heat and rain, and from insect attack. ' 

Like the calyx, the corolla may also be regular, zygo- 


morphic or irregular. Like the calyx again, the corolla may 
be gamopetalous, і.е. р 


petals free. In the former 
morphic or irregular. Like the calyx again 


; and expanded above; this expanded 
portion is called the limb, as in mustard, radish, etc. 


Forms of Corollas. The various forms of corollas may be 
studied under the f 


ollowing four main heads: 


I. REGULAR AND POLYPETALOUS 


, cauliflower, candytuft, etc. 
* (fig. 113B). This form of corolla 


with comparatively long claws, and the 
Placed at right angles to the claws; 


Consists of five petals 


limbs of the petals are 
as in pink (Dianthus). 
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П. REGULAR AND GAMOPETALOUS 


(1) Bell-shaped (fig. 114A). When the shape of the corolla 
resembles that of a bell, as in gooseberry, bell flower, wild 
mangosteen (B. GAB; H. KENDU), etc., it is said to be bell- 
shaped or campanulate. 


Forms of Corollas (contd.). ric. 114, A, bell-shaped; B, tubular; C, funnel- 
shaped; D, rotate. 

(2) Tubular (fig. 114B). When the corolla is cylindrical or 
tube-like, that is, more or less equally expanded from base 
to apex, as in the central florets of sunflower, marigold, 
Cosmos, etc., it is said to be tubular. 


(3) Funnel-shaped (fig. 114C) When the corolla is 
shaped like a funnel, that is, gradually spreading outwards 
from a narrow base, as in Datura, Ipomoea, e.g. water bind- 
weed (B. & H. KALMI-SAK), railway creeper, morning glory, 
etc., Petunia, yellow oleander (Thevetia), etc., it is said to 
be funnel-shaped. 

(4) Rotate or Wheel-shaped (fig. 114D). When the 
tube of the corolla is comparatively short and its limb is at 
a right angle to it, the corolla having more or less the ap- 
pearance of a wheel, as in night jasmine (Nyctanthes), peri- 
winkle (Vinca), Ixora, etc., it is said to be rotate. 


ПІ. ZYGOMORPHIC AND POLYPETALOUS 


(1) Papilionaceous or Butterfly-like (fig. 115). The general 
appearance is like that of a butterfly. It is composed. of five 
petals, of which the outermost one is the largest and known 
as the standard or vexillum, the two lateral ones are known 
as {һе wings or alae and the two innermost ones are the 
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i H 
apple (4nnona) madar (Calotropis), Artabortys (B. & 
MPA), etc. en 
T TERRE E Contorted (B), when one margin 3 m 
sepal or the petal overlaps that of the next one, a mies 
other margin is overlapped‘ by the third one, as in 


СКУ V 


Vy vg 


Aestivation of Corolla, ri, 118, A, valvate; B, twisted; С, imbricate | ut 
vexillary, Top, corolla in transection; bottom, floral bud cut transve 

e ise 
Tose, cotton, etc. Twisting of the petals may be clockwi ; 
or anti-clockwise, In China rose (Hibiscus) both types 
(clockwise and anti-clockwise) are found. 
(3) Imbrieate (C), when one of the sepals or petals is pen 
nal being overlapped on both the margins, and one of the 


irs М п 
's external and each of the Temaining ones is overlapped © 
one margin and it overlaps the 


Next one on the other ез 
€g. Cassia, gold mohur (Delonix), dwarf gold mohu 
(Caesalpinia), Bauhinia (B. KANCHAN; H. KACHNAR), etc. 

(^) Vexillary (D), when there are five petals, of which the 
Posterior one is the largest and it almost covers the two 
lateral petals, and th rn nearly overlap the , 
two anterior or s 


Vexillary aestivation is 
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of stamens. Each stamen consists of filament, anther and 
connective (fig. 119). The filament is the slender stalk of 


POLLEN-SAC WITH 
POLLEN GRAINS 


ric. 119. 4, a stamen—face 
of the anther showing four 
pollen-sacs; B, the same— 
back of the anther showing 
connective; C, an anther in 
section. 


A 


the stamen, and the anther is the expanded head borne by 
the filament at its tip. Each anther consists usually of two 
lobes connected together by a sort of midrib known as the 
connective. Each lobe contains within it two chambers or 
loculi, called the pollen-sacs; thus there are altogether four 


erc. 120. 
Pollen grains 


4, an entire 
grain; 


B, a grain in 
section showing 
tube-nucleus 
(bigger one) and 
generative nucleus 
(smaller one). 


Fic, 121. 
Growth of the 
pollen-tube. 


Fic. 120 Fic. 121 


loculi in each anther (fig. 119C), sometimes two or even one. 
Within each polleírsac there is a fine, powdery or granular 
mass of cells. called the pollen grains. Sometimes: pollet 
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iti her 
ins are produced in large quantities, and when the ant 

Pul they are scattered by the wind like Jd aris jede 
seen in pine, palms, screwpine, maize, etc. A sterile sta en 
ie. the one not bearing pollen grains; 
is called a staminode, as in noon 
flower (Pentapetes), pink (Dianthus), 
Pterospermum (see fig. 106C), elengi 
(Mimusops; B. BAKUL; H. MULSARI), 
etc. In Canna and butterfly lily (He- 
dychium), etc., the staminodes ae 
Petaloid. In madar (Calotropis). an 
orchids the pollen cells are not free 
but become united into a mass known 
as the pollinium (fig. 122). Pollen cells 
Fig. 122. Pollinia of may also be in compound forms, FR 
- madar (Calotropis). united in small masses—pollen mas 
5es—cach consisting of 8-32 or more 

cells, as in sensitive plant (М imosa) 2nd gum tree (Acacia). 
Pollen Grains. These are the male reproductive bodies of a 
flower, and are contained in the pollén-sacs, They are very 
minute in size, usually varying from 10 to 200 microns, and 
are like particles of dust. Each pollen Brain consists of a single 
microscopic cell, and possesses two coats: the exine and the 
intine. The exine is a tough, cutinized layer which is often 
Provided with spinous outgrowths or markings of different 


patterns, sometimes smooth, The intine, however, is a thin, 
delicate, cellulose laye 


r lying internal to the exine. In pine 
the pollen grain i 


male gametes, while the 


Attachment of the Filament to th 


e Auther (fig. 123). The 
anther is said to be basifixed or innate (A), when the fila- 
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ment is attached to the base of the anther, as in mustard, 
radish, sedge, water lily, etc.; adnate (B), when the filament 
runs up the whole length of the anther from the base to the 


Fic. 123. 
A, basifixed; \ 
B, adnate; 
C, dorsifixed; 
D, versatile; 
E, elongated 

connective 

of sage (Salvia) 

A B С р E 


separating the 
two anther-lobes. 


apex, as in Michelia, Magnolia, etc.; dorsifixed (C), when 
it is attached to the back of the anther, as in passion-flower; 
and versatile (D), when it is attached to the back of the 
anther at one point only so that the latter can swing freely 
in the air, as in grasses, palms, spider lily, etc. In Salvia (E) 
the filament is attached to the elongated connective separating 
the two anther-lobes, of which the upper one is fertile and 
the lower one sterile. In it the connective plays freely on 
the filament. 

Cohesion and Adhesion. The terms ‘adhesion’, ‘adnate’, and ‘adherent’ 
are lised to designate the union of members of different whorls, e.g. petals 
with stamens, or stamens with carpels; and ‘cohesion’, ‘connate’, and 
‘coherent’ to designate the union of members of the same whorl, eg. 
stamens with each other, and carpels with each other. 

Cohesion of Stamens. Stamens may either remain free or 
they may be united (coherent). There may be different 
degrees of cohesion of stamens, and these may be referred to 
as the (a) adelphous condition when the stamens are united 
by their filaments only, the anthers remaining free; or (b) 
syngenesious condition when the stamens are united by their 
anthers only, the filaments remaining free. Accordingly the 


following types are seen. 

(1) Monadelphous Stamens (monos, single; adelphos, 
brother). When all the filaments are united together into a 
single bundle but the anthers are free, the stamens are said 
to be monadelphous (fig. 124A), as in China rose family, e.g. 
China rose, lady's finger, cotton, etc. In them the filaments 
are united into a tubular structure. called staminal tube, 
ending in free anthers 
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(2) Diadelphous Stamens (di, two). When the al 
are united into two bundles, the anthers remaining free, the 


Cohesion of Stamens. Fig, 124, A, monadelphous; B, diadelphous; 
C, polyadelphous; D, syngenesious, 


stamens are said to be diadelphous (fig. 124B), as in pea 
family, e.g. pea, bean, gram, butterfly pea, coral tree, rattle- 
wort, etc. In them there are altogether ten stamens of which 
nine are united into one bundle and the tenth one is free. 


(3) Polyadelphous Stamens (polys, 
filaments are united into a number of bundles—more than 
two—but the anthers are free, the Stamens are said to be 


polyadelphous (fig. 124C), as in silk cotton tree, castor, 
lemon, pummelo or shaddock, etc, 


тапу). When the 


(4) Syngenesious Stamens (syn, together or united; genes, 
producing). When the anth 
bundle or tube, but the filaments are free, the stamens are 


said to be syngenesious (fig. 124D), as in sunflower family, 
e.g. sunflower, Marigold, safflower, Tridax, etc. 


Adhesion of Stamens, When the 


р і Calotropis), 
orchids, etc, ныны кы Mo MA 


Length of Stamens (fig. 125). The stamens of a flower may he 
of the same length, or their lengths may vary without any 
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definite relation to each other. But in some cases there is a de- 


finite relation between short 
and long stamens. Thus in 
Ocimum (В. & Н. TULSI), 
Leonurus (B. ркома; H. 
HALKUSHA), Leucas (B. SwET- 
DRONA; H. CHOTA HALKUSHA), 
etc., there are four stamens, 
of which two are long and 
two short; such stamens 
are said to be (J) didyna- 
mous (di, two; dynamis, 
strength). In mustard 


ry 


Length of Stamens. Fic. 125. A, 
didynamous; B, tetradynamous. 


family, e.g. mustard, radish, turnip, rape, etc., there are six 
stamens, of which four are long and two short; such stamens 
are said to be (2) tetradynamous (tetra, four). 


(4) GYNOECIUM OR PISTIL 


Gynoecium (gyne, female) or pistil is the fourth or the 
female reproductive whorl of the flower, and is composed 
of one or more carpels which are modified leaves meant to 
bear ovules (fig. 127B-C) and an embryo-sac within each 


—— STIGMA 


Fic. 127 


Pistil. ric. 126. A, а simple pistil of pea; B, one-chambered ovary of the same, 
Fic. 127. A, a syncarpous pistil; B, ovary of the same in transection; 
С, ovary of the same in longi-section, TH, thalamus, 
ovule (see fig. 131). When the рїп 1s made ot only one, 
carpel, as in the flowers of pea, bean, gold mohur, sensitive 
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plant, erc., it (the pistil) is said to be simple or monocarpel- 
lary (fig. 126), and when it is made of two or more carpels, 
the pistil is said to be compound or polycarpellary. In a 
compound pistil the carpels may be free (apocarpous) with 
as many ovaries as the number of carpels (fig. 128), as in 
lotus, Michelia (B. CHAMPA; H. CHAMPAKA), rose, stonecrop 
(Sedum—a pot herb), Magnolia etc., or the carpels may be 
united together into one ovary (syncarpous; fig. 127); the 
latter is more common. Each pistil consists of three parts— 
stigma, style and ovary (fig. 127A). The small rounded or 
lobed head of the pistil is known as the stigma; the slender 
stalk supporting the stigma is called the style; and the 
swollen basal part of the pistil which forms one or more 
chambers is termed the ovary. The Ovary contains one ог 


"he B с D 
"pocepose Мий. та. 128. 4: lotus, В, Michelia; C, rose; D, stonecrop 
(Sedum). €; carpels. 


more little, roundish or oval 
rudiments of 


or sterile pistil is called a pistillode. 
sunflower. 

impe —= e 
Pistil (one carpel) E. pea n, etc 


—compound. |-@Pocarpous, e.g. rose, lotus, etc. 
(more than оу ^ | (атреїз free) 

T |_syncarpous, e.g. mustard, cotton, 

Carpels (carpels united) lemon, lilies, etc. 

aoe i ici sr Pistil. In a syncarpous pistil it is often 

difficul o determine the number of carpels. To obviate this 

i m ty the following Points should be noted: Ist, the 

number of stigmas or of stigmatic lobes: 2nd, the number of 


| д 
The Style. This is the slender projec- 
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styles; 3rd, the number of lobes of the ovary; 4th, the number 
of chambers (loculi) of the ovary; 5th, the number of 
placentae in the ovary; and 6th, the number of groups of 
ovules in the ovary. It is seen that in most cases the number 
of parts, as mentioned above, corresponds to the number of 
carpels making up the syncarpous pistil. 


The Ovary. The ovary is the closed chamber formed by the 
union of margins of one or more carpels (which are regarded 
as metamorphosed leaves). In the simple pistil, as in pea, 
bean, etc., or in the apocarpous pistil, as in Ranunculus the 
carpel folds along the mid-rib and the two margins meet 
and fuse together forming the ovary (fig. 126). In the syncar- 
pous pistil the carpels likewise meet 
by their respective margins and form 
the ovary. If then the margins ex- 
tend inwards and meet in the centre 
the ovary becomes two or more- 
chambered according to the number 
of carpels (fig. 127). If, however, the 
margins only meet at the circum- 
ference but do not grow further the 
ovary remains one-chambered (fig. 
130D). The junction of two margins 
of one or more carpels is called the 
ventral suture, and the mid-rib along 
which each carpel folds is called the 
dorsal suture. The pe goraly ric. 129. A, gynobasic style 


develops along the ventral suture. ната ели 
same in longi-section. 


tion of the ovary, usually developing from its top and acting 
as the stalk of the stigma. When the style grows straight up 
from the ovary it is said to be terminal or apical. Some- 
times, as in strawberry, the tip of the ovary is bent on one 
side; the style then becomes lateral with respect to the axis 
of the ovary. In basil family or Labiatae the style arises from 
the depressed centre of the 4-lobed ovary, as if from its base 
or the thalamus; such a style is said to be gymobasie (fig. 
129). Rarely is the style absent, as in buttercup. Normally 
the style is deciduous, drying up and falling off soon after 
pollination or fertilization. It is, however, persistent in some 
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cases, as in Clematis and Naravelia (see fig. 157). A fiattened 


and coloured style (i.e. petaloid style) is seen in Canna and 
Tris. 


The Stigma. This is the terminal end of the style, i.e. the 
part that receives the pollen grains. Generally it is knob-like,: 
sometimes slightly pointed or even somewhat elongated. In 
compound pistil the stigma may be lobed or even radiating. 
Its surface may be smooth, rough or even hairy, When i! 
matures it becomes sticky to receive the pollen grains. 

Cohesion of Carpels, The carpels may be united throughout their whole 
length, as in most syncarpous pistils; or, they may be united in the region 
of the ovary alone, styles and stigmas remaining free, as in pink (Dianthus), 
linseed (Linum), etc.; or, in the region of the ovary and the style, stigmas 
remaining free, as in China rose, cotton, etc.; or in the region of the style 
and the stigma, ovaries remaining free, as in periwinkle (Vinca), oleander 


(Neritum), etc,; or in the region of the stigma (with a part of the style). 
ovaries (and styles partly) remaining free, as in madar (Calotropis). 


PLACENTATION 


Placenta is a ridge of tissue in the inner wall of the ovary 
bearing one or more ovules; and the manner of distribution 
of the placentae within the ovary is called placentation. The 
placentae most frequently develop on the margins of carpels 


either along their whole line of union. called the suture. ОТ 
at their base or apex. 


‘Types of Placentation (fig. 180). In the simple ovary (of on 
carpel) there is one common type of placentation known а 
marginal, and in the com 


| pound ovary (of two or more carpe 
united together) placentation mav be axile. central, parieta. 
basal or superficial. 


(Т) Marginal. In marginal placentation (A) the ovary is one 
chambered and ‚Һе placenta develops along the junction of 
the two margins of the carpel, called the ventral suture, 25 
in pea, wild pea, gram, gold niohur, Cassia, sensitive plant 
etc. In Ranunculus the: pistil is apocarpous, and each ovary 
bears a single pendulous ovule attached to the ventral suture: 

(2) Axile. In the axile placentation (B) the ovary is two t° 
many-chambered—usually as many as the number of сатре! 
—and the placentae bearing the ovules develop from the 
central axis corresponding to the confluent margins of carpel* 
and hence the name axile (lying in the axis), as in potat? 
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tomato, Petunia, China rose, lady's finger, hollyhock 
(Althaea), lemon, orange, etc. Three-chambered ovary is 


А B с 


D E 


Types of Placentation. ric. 130. A, marginal; а, longitudinal section; 5, trans- 
verse section; B, axile; C, central; D, parietal; E, basal; F, superficial. 


common among monocotyledons, as in lily, asphodel, onion, 
etc, 

(3) Central. In the central placentation (C) the septa or 
Partition walls in the young ovary soon break down so that 
the ovary becomes one-chambered and the placentae bearing 
the ovules develop all round the central axis, as in pink 
family, e.g. pink (Dianthus), Polycarpon (B. GIMA-SAK), soap- 
wort (Saponaria), etc. Remnants of partition walls may often 
be seen in the mature ovary. 

(4) Parietal (parietis, wall). In the parietal placentation 
(D) the ovary is one-chambered, and the placentae bearing 
the ovules develop on the inner wall of the ovary corres- 
ponding to the confluent margins of carpels. There are as 
many placentae as the number of carpels, as in papaw, poppy, 
prickly poppy, orchids, etc. In mustard family, e.g., mustard, 
radish, rape, etc., the: lacentation is also parietal but here 


8 
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the ovary becomes two-chambered due to the development 
of a false partition wall across the ovary from placenta to 


placenta, and the seeds remain attached to a wiry framework 
called the replum. 


(^) Basal. In the basal placentation (E) the ovary is uni- ` 
I d 


THE OVULE 


Structure of the Ovule. Each ovule (fig. 131) is attached to the 
placenta by a slender stalk known as (1) the funicle. The 
point of attachment of the body of the ovule to its stalff or 


CHALAZA 


RAPHE-~> NUCELLUS 


INTEGUMENTS 
FIG. 19]. 

An anatropous 
or inverted | 
ovule in 
longitudinal 
section. For an 


ANTIPODAL CELLS 
EMBRYO-SAC 
DEFINITIVE NUCLEUS 


EGG-CELL ) EGG-APPA: 
oc era SYNERGIDS } RATES 
ove see 
FIG. 138A, MICROPYLE 

HILUM 

FUNICLE 


i d (^) the chalaza : £ the 
nucellus is calle - The main body o 
ovule is called (5) the nucellus, and it jg surrounded by tw? 
coats (or only one in some) termeg (6) the integuments. 
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small opening is left at the apex of the integuments; this 
is called (7) the mieropyle. Lastly, there is a large, oval cell 
lying embedded in the nucellus towards the micropylar end; 
this is (8) the embryo-sae, i.e. the sac that bears the embryo, 
and is the most important part of the ovule. 


Parts and Functions of the Embryo-sac (figs. 131-32). In the 
mature embryo-sac a group of three cells, each surrounded 
by a very thin wall, may be seen always lying towards the 
micropyle; this group is called (1) the egg-apparatus. One 
cell of this group is the female gamete (reproductive unit) 
known as (a) the egg-cell or ovum, and the other two known 
as (b) the synergids. The egg-cell on fertilization, ie. on 
fusion with a male gamete of the pollen-tube, gives rise to 
the embryo; this is the most important function of the em- 
bryo-sac. The synergids are short-lived structures, and get 


FIG. 132, Development of the embryo-sac. A, B, C, etc, are stages іп its 
development; J, fully developed embryo-sac. 


disorganized soon after fertilization or sometimes even before 
or during the process. At the opposite end of the embryo-sac 
there is another group of three cells known as (2) the anti- 
pedal cells, each often surrounded by a very thin wall. These 
have no definite function; so sooner or later they also get dis- 
organized. Somewhere in the middle of the embryo-sac there 
is a distinct nucleus known as (7) the definitive nucleus 
which is the fused product of the two polar nuclei, i.e, the 
two nuclei coming from the two poles or ends of the em. 
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bryo-sac and meeting somewhere in the centre (fig. 132 G-I). 
After a second fusion with the remaining male gamete it 
forms the endosperm nucleus (the product of fusion of three 
nuclei) which may soon grow into the endosperm or food 


storage tissue of the seed; this is the second important func- 
tion of the embryo-sac. 


Ovule—funicle, hilum, raphe, 
and embryo sac, 


* Embryo-sac—egg-apparatus (egg-cell and synergids), definitive nucleus (two 
polar fiuclei fused), and antipodal cells, 

Development of Embryo-sae (fig. 132 

the ovule a particular cell of it—the m 

(A-B). It divides twice to produce 


chalaza, integuments, micropyle, nucellus, 


). At a very early stage in the life of 
other cell of the embryo-sac—enlarges 
a row of four megaspores (C). The 
appear as dark caps (D), while the lowest onë 
functions. It enlarges and finally forms the embryo-sac; its nucleus divides 
thrice to give rise to eight nuclei, four at cach end or pole (E-G), Then 
one nucleus from each pole moves inwards (G). and the two polar nuclei 
fuse together, somewhere in the middle (H) forming the definitive nucleus, 
also called the fusion nucleus (D. A fully developed embryo-sac consists of 
the parts as described before, 


he funicle, chalaza and 
the same vertical line, as in Polygo 
num, dock or sorrel (Rumex), betel (Piper), etc.; (B) anatro- 
pous (ana, backwards or Up) or inverted when theovule bends 


B 


Forms of Ovules. Fic. 133, A, orth 
tropous; D. 


c 


Otropous; B, anatropous; C, amphi- 

, campylotropous, 

back alongside the funicle so that the micropyle lies close t° 
the hilum; the micropyle anq the chalaza, but not Ше 
funicle, lie on the same straight line; this is the commonest 
form of ovule; (C) amphitropous (amphi, on both sides) o 
transverse when the ovule is placed transversely at a right 
angle to its stalk or funicle, as in duckweed; and (D) вай 
pylotropous (kampylos, Curved) or eurved when the E 
verse ovule is bent round like а horse-shoe so that the mic" 


А ; А 5 
pyle and the chalaza do not lie оп the same straight line, ? 
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in mustard, radish, caper (Capparis; B. KANTA-GURKAMAI; Н. 
KANTHARI), beet (Beta), etc. 


Features used to describe a Flower 

Flower : solitary or in inflorescence (mention the type); sessile or stalked; 
complete or incomplete; unisexual or bisexual; regular, zygomorphic or 
irregular; hypogynous, epigynous or perigynous; nature of bracts and 
bracteoles, it present; shape of the flower, its colour and Size. 

Calyx : polysepalous or gamosepalous; number of sepals or of lobes; 
superior or interior; aestivation, shape, size and colour. 

Corolla : polypetalous or gamopetalous; number of petals or of lobes; 
superior or interior; aéstivation; shape, size, colour and scent; corona oF 
any special feature. (When there is not much ditierence. between the calyx 
and ше corolla ше term perianth should be used; it шау bc sepaloid or 
petaloid; polyphylous or gamophyllous). 

Androccium: number of stamens—dehnite (ten or less or indeünite 
(more than ten); tree or united; nature of cohesion—monadelphous, diadel- 
phous, polyadelphous, syngenesious or synandrous; nature of adhesion— 
epipetalous ‘or free from the petals; whether alternating with the реак (or 
corolla-lobes) or opposite them; length of stamens—general length; inserted 
or exerted; didynamous or tetradynamous; position of stamens—hypogynous, 
perigynous or epigynous; attachment of the anther, 

Gynoecium or Pistil: number of сагреіѕ; syncarpous or apocarpous; 
nature of style—long or short; stigmas—simple, lobed or branched; their 
number and nature—smooth or papillose; ovary—superior or inferior; 
number of lobes; number of chambers (loculi); nature of placentation; 
number of ovules in each loculus of the ovary. 

Description of Pea Flower (sce fig. VII/17). Flowers axillary—either 
solitary ог in a few-flowcred raceme, zygomorphic, complete, bisexual, hypo- 
gynous and papilionaccous. Calyx—sepals 5, unequal, united into an 
oblique tube, 5-lobed. Corolla—petals 5, free, papilionaceous, with vexil- 
lary aestivation—the outermost petal known as the standard or vexillum is 
broad, the lateral two are the wings or alae enclosing the two innermost 


ones—the keel or carina. Androecium—stamens ten, (9) + 1, diadelphous. 
Gynoecium—carpel l; ovary subsessile, one-chambered and few-ovuled; 
placentation marginal; style one, inflexed, bearded on the inner side 


CHAPTER 10 Pollination 


Pollination is thé transference of pollen grains from the an- 
ther of a flower to the stigma of the same flower or of another 
flower of the same or sometimes allied species. Pollination is 
of two kinds, viz. (Г) self-pollinatiou or autogamy (autos, self; 
gamos, marriage) and (2) cross-pollination or allogamy (allos, 
different). Pollination taking place within a single flower 
(evidently bisexual) or between two flowers (bisexual or uni- 
sexual) borne by the same parent plant is self-pollination. In 
this process only one parent plant is concerned to produce 
the offspring. On the other hand, pollination taking place bet 
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ween two flowers (bisexual or unisexual) borne by two sepa- 
rate parent plants of the same or allied species is cross-polli- 
nation. In this process two parent plants are concerned and, 
therefore, a mingling of two sets of parental characters’ takes 
place, and this results in healthier offspring (see p. 123). Both 


the methods of pollination (self- and cross) are, however, 
widespread in nature. 


І. SELF-POLLINATION OR AUTOGAMY 


Self-pollination may under. natural conditions take place 
when both the anthers and the stigma of a bisexual flower 
mature at the same time (homogamy). It is likely then that 
some of the pellen grains are dropped on the stigma of the 
same flower through the agency of insects or wind. There 
are again many cases where the 
bisexual flowers never open. 
The flowers remaining closed, 
the pollen grains may only polli- 
nate the stigma of the same 
flower (cleistogamy),-as in Com- 
melina bengalensis (fig. 184), 
and also in some species of 
Pansy (Viola), balsam (Impa 
tiens), wood-sorrel (Oxalis), etc. 


П. CROSS-POLLINATION 
OR ALLOGAMY 

This is brought about by ex- 
ternal agents which carry the 
pollen grains of one flower а 
; . deposit them on the stigma О 
ш ERES. ACIE Bower, ушы heiti 
(cleistogamous), borne by the same plant or by 


: Р two separate plants of the same 
or closely allied species. The agents are insects (bees, flie$ 


moths, etc), some animals (birds, snails, etc), wind an 
water, and to achieve Cross-pollination through them the 
adaptations in flowers are many and varied. 

l. Entomophily (entomon, an insect: philein, to love). Polli- 


nation by insects is of very general occurrence among plants- 
Entomophilous ог insect-loving flowers have Various adapta" 


P 
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of pollen grains from one 
of cross-pollination. inci 
and scent. There are some 


tain flowers. 


Colour. One of the most important adaptations is the 
colour of the petals. In this respect the brighter the colour 
and the more irregular the shape of the flower the greater 
is the attraction. Sometimes, when the flowers themselves 
are not conspicuous, other parts may become coloured and 
showy to attract insects. Thus in Mussaenda (see fig. 111A) 


one of the sepals is modified into a large white or coloured 


leafy structure which serves as an ‘advertisement’ flag to 
attract insects. In some cases bracts become highly coloured 


and attractive, as in glory of the garden (Bougainvillea; В. 
BAGANBILAS—see 
pata), etc. The spathes also often become 
as in bananas and aroids. 
head or capitulum consisting 
becomes as a whole very attractive. 


Nectar. Another important adaptation is the nmectar. 
Nearly all flowers with gamopetalous corolla secrete nectar 
which is a positive attraction to the cleverer insects like 
bees. Nectar is contained in a special gland, called nectary, 
and sometimes in a special sac, or a tube-like structure, 
called the spur (fig. 135). The nectary occurs at the base of 
one of the floral whorls, and as the bees collect the nectar 
from the nectary or the sac or the spur they incidentally 
bring about pollination. 

Scent. The third adaptation is the scent. Most of the noc- 
turnal flowers are insect-loving and they emit at night a 
sweet scent which attracts insects from a distance. At night, 
when the colour fails, the scent is particularly useful in 
directing the insects to the flowers. Thus nocturnal flowers 
are mostly sweet-smelling. Common examples are night jas- 
mine (Nyctanthes), queen of the night (Cestrum), jasmines 
(Jasminum), Rangoon creeper (Quisqualis; B. SANDHYA- 
MALATI; H. лт), etc. On the other hand, the stinkin 
smell that is emitted from the appendix of mature vid 
phophallus inforescence (fig. 136) is immensely liked by 
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certain small flies (carrion-flies), and pollination is achieved 
through them. 


B (9 
Appendages of Perianth. ric, 135. А, saccate corolla (S') of snapdragon; 


B, flower of garden nasturtium; C, flower of larkspur; 
D, flower of balsam; S, spur, 


The 
sticky or provided wi 


cellent food for certain 
insects. They also often 
srate visit the flowers in search | 
m | 
APPENDIX of shelter from sun a 


rain. 
мик | 
Ftowers Special Adaptations | 
FEMALE In the sunfiower family, ER 1 
FLOWERS sunflower, marigold, Cosmos | 
etc, and also in gum td 
(4cacia), Anthocepha t | 
(B. & Н. KADAM), etc. ү! 
the individual flowers are 5 are 
and inconspicuous, they in- 
massed together in a gere c) 
forescence (head or capituluti 
CORM 


which evidently becomes P iet 
more showy and attractive AE 
fig. 99). Besides, the fonia 
being close together have МЯ 
chance of being nea 
one or a few insects. P 
pe Ficus, e.g. fig. banyan, P 
pul, etc., the insects enter 


c 
chamber of the intone 
(hypanthodium) through the apical pore, and as they crawl over th 


sexi insi e i -pollination V 

al flowers inside the chamber they bring about cross-pol jiet, 
fig. 109). The female flowers lie at the base of the cavity and open E t 
While the male flowers lie near the apical opening and open later 


5 i Amorpho- 
тіс. 136. Spadix of Т 
phallus (B. oL; Н. KANDA). 
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pollen grains have necessarily to be brought over from another inflorescence. 


In snapdragon and Linaria having 
personate corolla’ (see fig. 116B) only 
certain types of insects having particular 
size and weight can force open the 
mouth of the corolla They sit on the 
pallate, and undér their weight the 
corolla opens, The insects then enter the 
flower and bring about pollination. 
Again, when the flower has a long 
corolla-tube, it, can only be pollinated by 
an insect with 2 long proboscis. 

In sage (Salvia; fig. 137) cross-pollina- 
ton by insects is of a yery interesting 
уре. The flower has two stamens, each 
with two anther-lobes—one fertile. (with 


ric. 137. Sage (Salvia). A, 
entire Hower; B, showing 


pollen grains) and one sterile (without 


elongated connective. 


pollen grains) The two anther-lobes are widely separated by the clongated 
curved connective. As the insect enters the flower it pushes the lower 


ric. J38, Anemophily 1n maize 
plant. Male flowers in a 
panicle (above) and female 
fowers jn a spadix (below). 
Note the long hanging styles, 


sterile lobe. The connective swings round 
and the upper fertile lobe strikes the 
back of the insect and dusts “it with 
pollen grains, After the insect leaves the 
flower the stigma matures and bends down 
to receive the pollen grains from the back 
of another insect which has brought them 
from another flower. 


2. Anemophily (anemos, wind). In 
some cases pollination is brought 
about by the wind. Anemophilous 
or wind-loving flowers are small 
and inconspicuous. They ате 
never coloured or showy. They 
do not emit any smell nor do they 
secrete any nectar, The anthers 
produce an immense quantity of 
pollen grains, wastage during tran- 
sit from one flower to another be- 
ing considerable. They are also 
minute, light and dry, and some- 
times, as in pine, provided with 
wings. In this way the pollen 
grains are easily carried by the 
wind and distributed over a wide 
area, evidently helping cross-polli- 


nation. Stigmas are comparatively large and protruding, 
sometimes branched and often feathery. Examples are seen 


122 4 CLASS-BOOK OF BOTANY PART I 


in maize, rice, grasses, sedges, bamboo, sugarcane, pine and 
several palms. (Wheat, however, is habitually self-pollinated). 
Anemophily is well illustrated by maize or Indian corn plant (fig. 138). 
The male flowers (spikelets) of the panicle on the top produce an immense 
quantity of pollen grains, As the anthers burst, the pollen grains are set 
adrift by air-currents and many of them, particularly those brought from 


the neighbouring plants, are caught by the long hangin styles borne by 
the female flowers (spikelets) of the spadix lower down. 4 


3. Hydrophily (hydor, water). Pollination may also be 


brought about in some aquatic plants, particularly the 
submerged ones, through the medium of water, e.g. Naias, 
Vallisneria, Hydrilla, etc. 


meme FLOATING 
FLOWIA мга 
FLOWE! FLOWERS 
FEMALE MALE 
PLANT PLANT 


ric. 139. Hydrophily in Vallisneria, Female 
submerged flower (-bud) and a fruit (15 
after pollination, Male Plant with ‘th: 


spathe., mature (with spathe bursting) and old (af of the 
tem flowers). Male flowers are now (atter the escape 


plant with a floating flower, à 
cm. long) maturing under water 
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' on a long stalk by the female plant is brought to the level of water. Then 
the free-floating male flowers are set adrift by currents, and some of them 
come in contact with the female flower. The anthers burst and the pollen 
grains are distributed on the stigma of the female flower. Thus pollination 
is brought about. The stalk of the female flower then becomes closely coiled 
and the fruit develops under water. ғ 
4. Zoophily (zoon, animal). Birds, squirrels, bats, snails, etc., 
also act as useful agents of pollination; for example, birds 
and sometimes also squirrels bring about pollination in coral 
tree (Erythrina), silk cotton tree (Bombax), rose-apple (Syzy- 
gium), etc.; bats in Anthocephalus (B. & H. клрлм); and 
snails in certain large varieties of aroids and in snake or 
cobra plant (Arisaema—see fig. 94). 

Merits and Demerits of Self-pollination and Cross-pollination, 
Self-pollination “has this merit that it is almost certain ina 
bisexual flower provided that both stamens and carpels of it 
have matured at thé same time. Continued self-pollination 
generation after generation has, however, this demerit that 
it results in weaker progeny. The advantages of cross-polli- 
nation are many: (a) it always results in much healthier off- 
spring which are better adapted to the struggle for existence; 
(b) more abundant and viable seeds are produced by this 
method; (c) germinating capacity is much better; (d) new 
varieties may also be produced by the method of cross-polli- 
nation; and (e) the adaptability of the plants to their environ- 
ment is better by this method. The disadvantages of cross- 
pollination are that the plants have to depend on external 
agencies for the purpose and, this being so, the process is 
more or less precarious and also less economical as various 
devices have to be adopted to attract pollinating agents, and 
that there is always a considerable waste of material (pollen) 
when wind is the pollinating agent. 

Contrivances for Cross-pollination. Ву  cross-pollination 
better seeds and healthier offspring are normally produced. 
Nature; therefore, favours this process and helps it by cer- 
tain contrivances in flowers, which wholly or sometimes 
partially prevent self-pollination. It must, however, be noted 
that in many flowers there is still provision for self-polli- . 
nation if the other method fails. 

(1) Dicliny or Unisexuality. (а) Unisexual or diclinous 
flowers, i.e. separate male and female flowers, may be borne 
by one and the same plant; such a plant is said to be monoe- 
cious (monos, single; otkos, house), e.g. gourd, cucumber, 


1 s 
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Casto iz . r 
E DECR etc.; or, (b) these may be borne by two sepa- 
eg Rie am plants are said to be dioecious (di, two), 
sna inc d Je dB варан mulberry, etc. In monoecious 
T У HOWCIS may be self-pollinated о е li f d 
while in dioecious plants cross-pollinati т cross-pollinatec, 
y s-pollination is indi : 
for the production of seeds. P is indispensable 
(2) Self-sterili bac i : 
of a TES t Ey TE is the condition in which the pollen 
flower. Tea d vé кшш effect оп the stigma of the same 
flower, some ЕЙ, many grasses, some species of passion- 
applied from aod and mallow are self-sterile. Only pollen 
effective in such r we чаш or allied species is 
x ; ses. Cross-pollinati i 
method in them for the КИШ E оп is thus the only 


3) Dic ; б 
Е. PA el ое in two). In many bisexual flowers 
This ped rm p, often mature at different times. 
stands as a ава sotto michouamy.gDichogamy often 
‘inne dieu t self-pollination. There are two condi- 
whenkthe EM (a) protogyny (protos, first, gyne, female) 
the same flower: fee iA d earlier than the anthers of 
brought from dos ae zig b the pollen grains 
etc), four o'clock , eg. Ficus (fig, ban ul, 
(b) Penes HM RS лой, uut db e Add 
mature (burst : ; andros, male) when t thers 
mie fr an dictt ln eric dan ti 
over to the sti ; herc the pollen grains i 

e stigma of another flower, m A REN re 


sunflower, marigold i 
, corian 
common than protogyny Rig ai Rae 


4) Het з 
ud ben eee different), There are some plants 
tong ашал S ae different forms. Опе form tare 

Short style, and the other form bears 


ric. 140. 
Heterostyly 
in primrose: 
dimorphic 
flowers. 


A, a flower with 
long style: 
B, a flower with 
short style. 


| 


„short stamens and a long style. 


. heterostyly is seen 
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This is known as dimor- 
phic heterostyly. Similarly there may be cases of trimorphic 
heterostyly, that is, stamens and styles of three different 
lengths borne by three different forms of flowers. In all such 


cases cross-pollination is effective only when it takes place 


between stamens and styles of the same length borne 
by different flowers (legitimate pollination). Dimorphic 
in primrose (fig. 140), buckwheat (Fago- 
Linum) and Wood- 


pyrum), wood-sorrel (Oxalis), linseed (; 
ly is found in 


fordia (B. DHAINPHUL). Trimorphic heterosty 
some species of Oxalis and Linum. 

(5) Herkogamy (herkos, a fence or barrier). There may be 
some sort of barrier standing between the stamens and the 
pistil of the same flower. A hood covering the stigma is a 
common form of barrier, as in pansy, Iris, etc. Anthers and 
stigmas may lie at some distance from one another—anthers 


Fic. 141. A-B, pollination in Clerodendron; A, stamens maturing 


first; B, stigma maturing later; С, pollination in madar (Calotropis): 
a pair of pollina being carried away by an insect from a flower; ‘ 
P, a pair of pollinia 


exerted and style inserted or vice versa. The stamens and 
the style may also move away from each other, as in bleed- 
ing heart (Clerodendron thomsonae; fig. 141 А-В). The 
pollinia of madar (Calotropis) and orchids, remaining fixed 


in their position by adhesive discs, can only be carried away 
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Љу insects, evidently to another flower (fig. 141C). The 
mechanism of cross-pollination in sage (Salvia) has been 
already discussed (see p, 121). 


CHAPTER 11 Fertilization 


tive units, called gametes. In the ‘flowering’ plants the pro- 

cess of fertilization, a3: worked out in detail by Strasburger . 
in 1884, is as follows (fig. 149 
the pollen grains fall on the 


out into a slender tube, called the pollen-tube (see fig. 121); 
through sume thin. or weak 


sooner or later. The pollen 
gametes at its tip then t 


FIG, 142. 

Ovary in longitudinal 
section showing the 
process of fertilization, 
Note the two male 


STIGMA { 


gametes at the tip 
ОЁ the pollen-tube. 
POLLEN-TURE 
T ANTIPODAL CELLS 
ov. 


DEFINITIVE NUCLEUS 
EGG-CELL 
SYNERGIDS 


enters into it. As the tube further grows, it penetrates e 
the nucellus and enters the embryo-sac close to the egg a 
At this stage the tip of the pollen-tube dissolves cm T 
two male gametes are set free. It may be noted tha 
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growth of the pollen-tube is stimulated by proteins and sugars 
secreted by the stigma and the style. Now, of the two male 
gametes already set free, one fuses with the egg-cell, while 
the other pushes farther into the embryo-sac and fuses with 
the definitive nucleus (i.e. the fusion product of two polar 
nuclei). Thus a fusion of three nuclei, called triple fusion, 
takes place, and the product is now called endosperm 
nucleus. Synergids do not seem to be essential for the process 
of fertilization. They are in fact short-lived bodies, and 
get disorganized soon after fertilization, or somgtimes even 
before or during the process. Similarly, antipodal cells have 
no positive function; so they also disappear even before ferti- 
lization, After fertilization the egg-cell clothes itself with a 
cell-wall and becomes known as the oospore. The oospore 
gives rise to the embryo, the ovule to the seed, and the ovary 
as a whole to the fruit, and the endosperm nucleus to the 
endosperm. If fertilization fails for some reason or other, the 
ovary simply withers and falls off. The withering and shed- 
ding of the corolla usually indicates that fertilization has 
been effected. This is readily seen in night jasmine (Nyctan- 
thes) where the whole ground is littered with shed flowers 
(corollas with epipetalous stamens) in the morning, fertili- 
zation having taken place the preceding night. 


Double Fertilization. It must have been noted from the foregoing descrip- 
tion that in angiosperms fertilization occurs twice: (a) of the two male 
gametes of the pollen-tube one fuses with the egg-cell of the embryo-sac, 
and (b) the other one fuses with the definitive nucleus—the product of 
fusion of two polar nuclei during the development of the embryo-sac (see 
p. 115). This process of fusion occurring twice is called double fertilization. 
It was first discovered in 1898, and later found to be of universal occur- 
rence among the angiosperms. The significance of double fertilization is 
not, however, clearly understood, 


CHAPTER 12 The Seed 
Development of the Seed. After fertilization a series of 
changes takes place in the ovule, and as a result the seed is 
formed. The fertilized egg-cell or ovum grows and gives rise 
to К Pr ane the definitive nucleus (endosperm 
nucleus) to the endosperm; other changes also tak i 
the ovule. Е ih Б 
(1) Development of the Embryo (бр. 143). After fertili- 
zation the egg-cell or ovum secretes a cellulose wall round 
itself and becomes the oospore. The oospore divides into 
two cells—an upper and a lower. 'The lower one lying to- 


—— —Ó a = i 


128 ^ CLASS-BOOK OF BOTANY PART I 


wards thé micropyle further divides in one direction into a 


row of.cells, called the Suspensor. The suspensor absorbs 
food and feeds the developing embryo. The basal cell of the 


suspensor often enlarges and acts as an absorbing organ, 


while its terminal cell, called the hypophysis cell, divides 


urther divisions it gives 
embryo witb all its differentiated 
(except its tip portion), plumule 
cotyledonous seeds) or only one 
onous seeds). 


rise to the whole of the 
parts, namely, the radidle 
and two cotyledons (in di 
cotyledon (in monocotyled 


EMBRYONAL MASS 


SUSPENSOR 


H 


1 1 cell; 5 
3 -H, development of dicotyledonous embryo. a, embryona ns 
ric, 148. АЫ, c, hypophysis cell; d, basal cell of the suspensor; e, Йе 
черер. p root-tip; h, hypocotyl: and i, stem-apex. H, embryo 
f, rrapi Ёё the seed 
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(2) Development of the Endosperm. The definitive 
nucleus (called the endosperm nucleus after fertilization) 
divides and gives rise to a large number of free nuclei (sce 
fig. II/22B). Protoplasm collects round each of the nuclei, 
and finally cell-walls are formed between them. A tissue 
laden with food material is thus formed by a process of free 
cell formation, and is known as the endosperm. As it grows, 
it fills up the nucellus. The endosperm is the food storage 
tissue and when it is present the seed is said to be ende- 
spermic or albuminous. In many seeds, however, all the 
food stored up in the endosperm at its early stage is used up 
by the developing embryo. The endosperm is thus absent 
in such seeds, and they are then said to be non-endospermic 
or exalbuminous (see also p. 20). 

(3) Other changes in the Ovule. A few other changes 
also take place in the ovule. The two integuments develop 
into two seed-coats, of which the outer one is called the testa 
and the inner one the tegmen. In some seeds, as in litchi, 
nutmeg (B. & Н. JArPHAL) wild mangosteen (B. САВ; 
H. Kendu), Baccaurea (B. LATKAN; H. LUTKO), etc., a fleshy 
mass surrounds each seed; this fleshy mass is called the aril. 
In certain seeds, as in balloon vine (see fig. 55) and castor 
(see fig. 15A), a small outgrowth is formed at thé micropyle; 
this is called the caruncle. In most seeds the nucellus is 
completely used up during the development of the ovule 
into the seed. In some cases, however, as in castor (see fig. 
15B-C), banana, ginger, cubeb, water lily, four o'clock plant, 
etc., the nucellus persists in the mature seed as a thin com- 
pressed tissue lying just within the seed-coat, surrounding 
the endosperm and the embryo; this tissue is called the 
perisperm. It is in fact a remnant of the nucellus and is 
nutritive in function like the endosperm. 

Functions of the Seed. The seed has the following important 
functions: (7) Reproduction. The ‘flowering’ plants normal- 
ly reproduce through the medium of the seeds, and they 
also multiply in number through them, often profusely. 
(2) Receptacle of Embryo. The seed is the receptacle or 
vessel in which the embryo develops and attains full 
maturity. The seed normally bears only one embryo. 
(3) Protection of the Embryo. The seed encloses the embrvo 
and protects it from excessive heat, cold and rain, and also 


9 
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from the attack of insects, birds and other animals. (4) 5:07: 
age of Food. "The seed stores up food for the embryo, ene 
in the endosperm or in the cotyledons. This food is utilize I 
by the embryo when the seed germinates. (5) Seed Dispersa 
(see chapter 14). Many-seeds have special adaptations by 


which they are easily dispersed by wind, water and many 
animals. 


CHAPTER 13 The Frujt 


Development of the Fruit. After fertilization the ovary also 
begins to grow and gradually it matures into the fruit. The 
fruit may, therefore, be regarded as a mature or ripened 
ovary. If, for some reason or other, fertilization fails. the 
ovary simply withers and falls off. A fruit consists of two 
portions, viz. the pericarp (peri, around; karpos, fruit) 
developed from the wall of the ovary, and the seed developed 
from the ovules. In some cultivated varieties of oranges 
bananas, grapes, apples, Pineapples and some other fruits 
the ovary may grow into the fruit without fertilization. Such 
a fruit is seedless or with immature seeds and is known 3$, 
the parthenocarpie fruit. The pericarp may be thick or thin; 
when thick, it may consist of two or three parts : the оше! 
called epicarp, forms the skin of the fruit; the middle, called 


Nut 


| 
Pedunele 


A с 
ric, 144. A, apple (Malus) in transverse section; B, cashew-nut (Anacardium) 


C, marking nut (Semecarpus). 


mesocarp, is pulpy in fruits like mango, peach, plum. ean 
and the inner, called endocarp, is often very thin and mer 

branous, as in orange, or it may be hard and stony, 35 |! 
many palms, mango, etc, In many cases, however, the uU. 
carp is not differentiated into these three regions. Functt 
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of the Fruit. The fruit gives protection to the seed and, 
therefore, to the embryo. It stores food material. It also 
helps dispersal of the seed. 

Normally it is only the ovary that grows into the fruit; 
such a fruit is known as the true fruit. Sometimes, however, 
other floral parts, particularly the thalamus or even the calyx, 
may grow and form a part of the fruit; such a fruit is known: 
as the false fruit. Common examples of false fruits are apple 
(fig. 144A), pear, cashew-nut (fig. 144B), marking nut (fig. 
144C), rose, Dillenia (B. & H. снаста). etc. In Dillenia the 
calyx becomes thick and fleshy. forming the only edible 
part of the fruit. 


Dehiscence of Fruits (fig. 145) There are many fruits whose 
pericarp bursts to liberate the seeds when the former mature; 
such fruits are said to be dehiscent. There are others again 
whose perícarp does not burst, and consequently the seeds 
cannot be liberated from the fruits until decay of the latter 


sic. 145, Dehiscence of fruits, 4, sutural (реа); B, porous (poppy); - 
C. transverse (cock's comb); D, loculicidal; E, septicidal; F-G, septifragal. 


has set in. Fruits that belong to this categorv are said to be 
indehiscent. Dehiscent fruits open in various wavs, as shown 
in fig. 145. and aid in the dispersal of seeds, 


CLASSIFICATION OF FRUITS 

All the different kinds of fruits may be broadly classified 
into three groups, viz. simple, aggregate and multiple or 
composite. A few common types arc discussed under each 
group. А 

1. Simple Fruits. When a single fruit develops from the 
oyary (either of simple pistil or of svncarpous pistil) of a 
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flower with or without accessory parts, it is said to be a 
simple fruit. A simple fruit may be dry or fleshy. Dry fruits 
may again be dehiscent or indehiscent. 


I. DEHISCENT OR CAPSULAR FRUITS 


(1) Legume or Pod (fig. 146A). This is a dry, one- 
chambered fruit developing from a simple pistil and dehis- 
cing by both the margins, e.g. pulses (pea, gram, lentil, etc.) 
bean, gold mohur, Cassia, Mimosa, etc. 

(2) Follicle (fig. 146B). This is also a dry, one-chambered 
fruit like the previous one, but it dehisces by. one suture 
only. Simple follicle is Tare; it may sometimes be seen in 
madar (Calotropis), blood flower (Asclepias, wax plant 
(Hoya), Rauwolfia, etc. Most commonly follicles develop !P 
an aggregate of two, three or Many fruits (see p. 136). 


(3) Siliqua (fig. 146C). This is a dry, long, narrow, two 
chambered fruit develo 


alison (Alyssum) and shepherd’s purse (Capsella), is othet 
wise called a silicula. 


А c Did 
Fruits. Fic. 146. A, legume or pod of реа; B, follicle of madar (Са 
C, siliqua of mustard; D, capsule of Datura. 


i$); 
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(4) Capsule (figs. 146D & 147A). This is a dry, one-to 
many-chambered fruit developing from a syncarpous pistil, 
and dehiscing in various ways. All dehiscent fruits develop- 
ing from a syncarpous pistil are commonly known as capsules, 
e.g. cotton, lady's finger, Datura, cock's comb, Poppy, etc. 


П. INDEHISCENT OR ACHENIAL FRUITS 
(1) Achene (fig. 147В). An achene іѕ a small, dry, one- 


» seeded fruit developing from a single carpel; but unlike the 


П 


next one, the pericarp of this fruit is free from the seed-coat, 
e.g. four o'clock plant (Mirabilis), hogweed (Boerhaavia) and 
buckwheat (Fagopyrum). Асһепеѕ, however, commonly 
develop in an aggregate (see P. 136), as in rose, Clematis, 


Naravelia (see fig. 150B), etc. 


(2) Caryopsis (147C). This is a very small, dry, one-seeded 
fruit developing from a simple (or syncarpous) pistil, with 
the pericarp fused with the seed-coat, e.g. maize, rice, wheat, 
bamboo, grass, etc. 


Fruits (contd.). Fic, 147. А, capsule of cotton; B, achene of Mirabilis 

(FR, fruit; P, dry persistent’ perianth enclosing the fruit; Z, involucre); C, 

caryopsis of maize; D, cypsela of sunflower (entire and in section); E, 
lomentum of Acacia; F, the same of Mimosa. 

(3) Cypsela (147D). This is a dry, one-sceded fruit develop- 
ing from an inferior bicarpellary ovary, e.g. sunflower, mari- 
gold, Cosmos, etc. 

(4) Samara (fig. 148B). This is a dry, indehiscent, one- or 
two-seeded, winged fruit developing from a ‘superior, bi- or 
tricarpellary ovary. In samara the wings, one or more, always 
develop from the pericarp of the fruit, as in Hiptage (B. 
MADHABILATA; H. MADHULATA; fig. 148B), ash (Fraxinus), 
yam (Dioscorea; see fig. 153B), etc. Fruits of sal tree (Shorea; 
fig. 148E), wood-oil tree (Dipterocarpus; B. & Н. САКЈАМ; 
see fig. 154A), Hopea (fig. 1480), etc., are also winged but 
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in them the wings are the dry, persistent sepals. A winged 
fruit of this nature is called а samaroid. E. 

(5) Nut (see fig. 144B-C). This is a dry, one-seeded fruit 
developing from a superior syncarpous pistil, with the peri- 
carp hard and woody, e.g. cashew-nut, marking nut (see fig: 
144C), chestnut, oak, etc. 


1H. SPLITTING OR SCHIZOCARPIC FRUITS 

(1) Lomentum (fig. 147E-F). When the pod is constricted 
or partitioned between the seeds into a number of one-seede 
compartments, it is called a lomentum, as in gum tree 
(Acacia), nicker bean (Entada; B. & H. сш), sensitive plant 
(Mimosa) Indian laburnum (Cassia fistula), groundnut 
(Arachis), Indian telegraph plant (Desmodium), etc. 

(2) Cremocarp (fig. 148A). This is a dry, two-chambered, 
inferior fruit splitting into two indchiscent, one-seeded pieces, 
called mericarps. Each mericarp remains attached to thé 
forked end of the axis (carpophore), as in coriander, anise 07 


fennel, cumin, carrot, etc. 


(fig: 148C). In maple (Acer) the fruit 
carpellary ovary, and whe? 
O samaras, each with a wing and ? 
lled a double samara. 


(3) Double Samara 
develops from a supérior, bi 
mature it splits into tw 
seed. Such a fruit is ca 


М. 


Y F int 
it split int 
осатр of coriander; A’, fruit SP" a. 


Fruits (contd.). ric, 148. А, crem 


Iwo mcricarps; D, samara of Hiptage; ©, double samara of Acer; D, 
roid of Hopea; E, the Same of Shorea; F, regma of castor. 


(4) Regma (fig. 148F). This is a dry, 3- to many-cha 
bered fruit developing from a syncarpous pistil, It SP P 
away from the central axis into as many parts (cocci) 3$ the 
are carpels, each part containing | or 2 seeds. Comm iil 
examples are castor, Euphorbia (B, & Н. sy) Gerant" 
Jatropha (B. & H. BHARENDA), etc. 


e 5. — - 
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IV. FLESHY FRUITS 

(1) Drupe (fig. 149A). This is a fleshy, one or more-seeded 
fruit with the pericarp differentiated into the outer skin or 
epicarp, often fleshy or sometimes fibrous mesocarp, and 
hard and stony endocarp, and hence this.fruit is also known 
as stone-fruit, e.g: mango, plum, coconut-palm, palmyra- 
‘palm, country almond, etc. 

(2) Васса or Berry (fig. 149B-C). Т his is a fleshy, supe- 
rior (sometimes inferior) usually many-seeded fruit, deve- 
loping commonly from a syncarpous pistil (rarely from a 
single carpel) with axile or parietal placeníation, e.g. tomato, 
gooseberry, grapes, banana, guava, papaw, etc. With the 
growth of the fruit the seeds separate from the placentae 
and lie free in the pulp. It is not infrequent to find one- 
seeded berry, e.g. date-palm. In Artabotrys (B. & H. KANTALI- 
CHAMPA) berries develop in an aggregate (see p. 136). 

(3) Pepo (fig. 149D). ‘This is also a fleshy, many-seeded 
fruit like the berry but it develops from an inferior, one- 
celled or spuriously three-celled, syncarpous pistil with 


NERIS . \ | Mt 
parietal placentation, e.g. gourd, cucumber, mélon, water 
A B 


Fruits (shown in sections.) ric. 149. 4, drupe of mango; Epi, epicarp; 

Mes, mesoearp; End, endocarp; Cot, cotyledon; B-C, berry of tomato; D, 

pepo of cucumber; E, pome of apple (see also Fic 144A); F, hesperidium 
of orange. 
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melon, squash, etc. In pepo the seeds, lying embedded 1 
the pulp, remain attached to the placentae. ў 

(4) Pome (fig. 149E). This is an inferior, two or more- 
celled, fleshy, syncarpous fruit Surrounded by the thalamus. 
The Heshy edible part is composed of the thalamus, while 
the actual fruit lies within, €g. apple and pear. 

(5) Hesperidium (fig. 149F). This is a superior, many- 
celled fleshy fruit with axile placentation. Here the endo 
carp projects inwards forming distinct chambers, and the 
epicarp and the mesocarp, fused together, form the separ- 


able skin or rind of the fruit, €.g.. orange, pummelo or shad- 
dock, lemon etc. 


2. Aggregate Fruits 
tion of simple fruit 


Aggregate Fruits, Fic. 150. 4, etaerio of follicles ig Michelia; B, etaerio 9 
achenes in Naravelia; C, ctaerio of drupes (entire and in section) in Rubus 
D, etaerio of berries in Annona; E, the same in Artabotrys. 
by a single flower is otherwise known as an ‘etaerio’, and thé 
common forms of etaerios аге: (1) an etaerio of follicles (Ay 

eg. Michelia, madar (Calotropis), periwinkle. (Vinca), la* 
spur (Delphinium) etc; (2) an etaerio of achenes (B), er 
rose, lotus, Clematis, Strawberry, Naravelia, etc; (3) E 
etaerio of drupes (C), €. raspberry (Rubus); and (4) сд 
еіаетіо of berries (D-E), eg. custard-apple (Annona), Arit 
botrys (B. & H. KANTALI-CHAMPA), mast tree (Polyaihia), er 
3. Multiple or Composite Fruit (fig. 151). A multiple 
composite fruit is that which develops from an infloresce™ 
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where the flowers are crowded together and often fused with 
one another. 

(1) Sorosis (fig. 151 A-B). This is a multiple fruit develop- 
ing from a spike or spadix. The flowers fuse together by their 
succulent sepals and at the same time the axis bearing them 

` grows and becomes fleshy or woody, and as a result the 
whole inflorescence forms a compact mass; e.g. pineapple 
(A), screwpine, jack-fruit and mulberry (B). 


(2) Syconus (fig. 151C). The syconus develops from a 
hollow, pear-shaped, fleshy receptacle which encloses a 
number of minute, male and female flowers.. The receptacle 
grows, becomes fleshy and forms the so-called fruit. It really 
encloses a number of true fruits or achenes which develop 
from the female flowers lying within the receptacle, as in 
Ficus, (e.g. fig, banyan, peepul, etc.). 


Multiple fruits, Fic. 151. 4, sorosis of pineapple (Ananas); 
B, the same of mulberry (Morus); C, syconus of fig (Ficus). 


Kinds of Fruits 
A. Simple Fruits 
ay Capsular Fruits (b) Achenial Fruits 
N x e eg. pea 1, Achene, e.g. Mirabilis 
2. Follicle, e.g. madar 2, Caryopsis, e.g. maize 
$. Siliqua, e.g. mustard 3. Cypsela, e.g. sutfower 
4. Capsule, e.g. cotton 4. Nut, e.g. cashew-nut 


138 ^ CLASS-BOOK OF BOTANY PART 1 
(c) Schizocarpic Fruits (d) Fleshy Fruits 

5% Lomentum, €.g. Acacia - Drupe, e.g. mango 

2. Cremocarp, €g. coriander - Berry, €.g.. tomato 

3. Samara, e.g, Hiptage - Pepo, e.g. gourd 

4. Samaroid, e.g, Shorea - Pome, e.g. apple 

5. Regma, €.g. castor - Hesperidium, e.g. Citrus 


© осм e 


B. Aggregate Fruits 
‚ Etaerio of follicles, Eg. Michelia 3. Etaerio of drupes, e.g. raspberry 
2. Etacrio of achenes, €g. rose 4. Etaerio of berries, e.g. Artabotrys 


C. Multiple Fruits 
2. Syconus, cg. Ficus 

Some Common Fruits and their Edible Parts 

Apple (pome)—feshy thalamus, Banana (berry)—mesocarp and endocarp. 
Cashew-nut (nut)—peduncle and cotyledons, Coconut-palm (fibrous 
drupe)—endosperm, Cucumber (pepo)—mesocarp, endocarp and placen- 
tae. Custard-apple (etaerio of berries) tleshy pericarp of individual 
berries. Date-palm (1-seeded berry)—pericarp, Dillenia (special) —accre- 
scent calyx. Fig (syconus)—fleshy receptacle. Grape (berry) pericarp 
and placentae, Guava (berry)—thalamus and pericarp. Indian plum 
(drupe)—inesocarp including epicarp, Jack (sorosis)—bracts, perianth and 
seeds. Litchi (l.seeded nut)—fieshy aril, Maize, at, rice and wheat 
(caryopsis)—starchy endosperm, Mango (drupe)—mesocar, - Melon (pepo) 


dübrous dbi, Orange (hespiridium)- Juicy Placental “hairs. palmyra-palm 
(fibrous drupe)—mesoca * 


TP. Papaw (berry)—mesocarp, Pea (legume)—coty- 
ledons, Pear (pome)—feshy thal. 
of receptacle, bracts 


coat of the sced, Pummelo or shaddock (hespiridium)—juicy placental 


hairs, Strawberry (etaerio of achencs)—succulent thalamus, Tomato 
(berry)—pericarp апа placentae, Wood-apple (Special)—mesocarp, endo- 
«arp and placentae, 


1. Sorosis, e.g. pineapple 


€r such a condition fall far short 
€ for existence thus ensues, the 


A 
Winged Seeds, ric. 
C, crepe 


E B 
152. 4, Oroxylum; p, Cinchona; 
tree. (Lagerst; Cemia), 
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consequence of which may be fatal to all of them. To guard 
against this the seeds and fruits have developed various 
devices for their wide distribution so that some of them at 
least may meet with favourable conditions of germination 
and normal growth. Thus the risk of a species of plants 
becoming extinct is practically averted. 


l. Seeds and Fruits dispersed by Wind. Seeds and fruits 
have various adaptations like wings, pappus, hairs, etc., 
which help them to be 
carried away by the wind 
to a shorter or longer dis- 
tance from the parent plant. 
(1) Wings. Seeds and 
fruits of many plants deve- 
lop one or more thin 
membranous wings for 
^ B facility of dispersal by the 

Fic. 158. A, winged seed of drum- wind. Thus seeds of Oroxy- 
stick (Moringa); B, winged fruit of lum (B. sona; H. ARLU—fig. 
DAS ar M 152A), Cinchona (fig. 152B), 

crepe tree (Lagerstroemia; B. © H. JaRuL—fig. 152C), drum- 
stick (Moringa; B. ѕАЈІМА; H. samnyna—fig. 153A), etc., are 


B 
Winged Fruits. ric. 154. A, wood-oil tree (Dipterocarpus); B, Hiptage; 
C, sal tree (Shorea), 


140 ^ CLASS-BOOK OF BOTANY PART 1 


provided with wings for this purpose. Similarly many fruits 
are also provided with one or more wings to achieve the 
same end, e.g. yam (Dioscorea; fig. 153B), wood-oil tree 
(Dipterocarpus; B. GARJAN—fig. 154A), Hiptage (B. MApHABI- 
LATA; Н. MADHULATA—fig. 154B), and Shorea (B. & H. sar 
—fig. 154C). 

(2) Parachute Mechanism. In many plants of the sunflower 
family or Compositae the calyx is modified into hair-like 
structures known as pappus (fig. 156A). This Pappus is per- 
sistent in the fruit, and Opens out in an umbrella-like 
fashion. Thus acting like a Parachute it helps the fruit to 
be carried by air current to a distance, 


(3) Censer Mechanism. In Some plants, as in Poppy, 


prickly poppy, larkspur, bath sponge or loofah, cock’s comb, 
gigas; B, HANSA-LATA—fig, 155), 
he wind, 


pelican flower (Aristolochia 


etc., the fruit dehisces, and when it is disturbed by t 
the seeds are thrown out. 


FIG. 155. A, pelican flower (Aristolochia 
2 fruit of the same 


D ) with duck-shaped fowers; 
like a hanging basket, Ly 


cotton (Gossypium; fig. 156D), etc. cr Au 
(5) Persistent Styles, In Clematis (fig. 157A) and 
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Naravelia (fig. 157B) the styles are persistent and very fea- 
thery. The fruits are thus easily carried away by the wind. 


Hairy Fruit and Seeds. ric. 156. A, pappus of a Compositae fruit; B, madar 
(Calotropis); C, devil tree (Alstonia); D, cotton (Gossypium), 

(6) Light Seeds and Fruits. Some seeds and fruits are so 
light and minute in size 
that they may easily be 
carried away by the gentlest 
breeze. Thus orchids often 
bear millions of dust-like 
seeds (smallest in the vege- 
table kingdom) in 3 single 
fruit (capsule). Seeds of Cin- 
chona (the quinine-yielding 

| ив Plant) are also very small, 

p neiges fruits FA Mee flat, extremely light, and 

provided with a membran- 
P wing (see fig. 152B). There are about 2,470 seeds per 


gramme. 
2, Seeds and Fruits dispersed by Water. Seeds and fruits to 
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be dispersed by water usually develop floating devices in: 
the form of spongy or fibrous outer coats. The fibrous fruit 
of coconut is capable of floating long 


distances in the sea without suffering 
. any injury. Hence coconut forms a 
characteristic vegetation of sea-coasts 
and marine islands. The fruit of 
double coconut (Lodoicea; fig. 158), a 
native of Seychelles, which bears the 
largest seed in the world is also distri- 
buted likewise by ocean currents (see 
p. xxix). The top-shaped spongy thala- 
mus of lotus (see fig. 107C) bearing the 
fruits on its surface floats on water and 88. оне холин 
is drifted by water-current or by wind. a) 
Seeds of water lily are small and light, and are further pro- 
vided with an aril which encloses air. 


3. Seeds dispersed by Explosive Fruits. 
with a sudden jerk, with the result that 
on all sides. Common examples of expl 


Many fruits burst 
seeds are scattered 
osive fruits are ba]. 


Fic. 159. Ruellia; note the explosive fruit, 


sam, wood-sorrel, night jasmine, castor, etc. Ripe fruits of 
balsam burst suddenly. The valves roll up Ши and 
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the seeds are ejected with great force and scattered in all 
directions. Dry fruits of Ruellia (fig. 159) coming in con- 
tact with water, particularly after a shower of rain, burst 
suddenly with a noise and scatter the seeds. Further. the 


кб. 160. Bauhinia vahlii; note the explosive fruit, 


seed is provided with a curved hook (jaculator) which 
straightens out instantly and jerks out. the seed. Mature 
fruits of Phlox, Andrographis (B. кл1.мксн; Н. MAHATITA), 
Barleria (B. JHANTI; Н. VAJRADANTI). ctc.. burst suddenly 
when the air is dry, particularly at midday. 

A very interesting example of bursting fruits is found in 
camel's foot climber (Bauhinia vahlii; B. LATA-KANCHAN; H. 
CHAMBULI) Its long pods, sometimes as long as 30 cm., ex- 
plode with a loud noise like a cracker, scattering the seeds 
in all directions (fig. 160). 

4. Seeds and Fruits dispersed by Animals. (a) Hooked 
fruits. Many fruits are provided with hooks, barbs, spines, 
bristles, stiff hairs, etc., on their surface. by means of which 
they adhere to the body of woolly animals as well as to the 
clothing of mankind. and are often carried by them to dis- 
tant places. Thus it is seen that the fruits of Xanthium 
(B. & H. okRA—fig. 161A) and Urena (B. BAN-OKRA; H. 
sACHATA—fig. 161B) are covered with numerous curved 
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hooks. Seeds (fruits) of spear grass (Aristida) and love-thorn 
(Chrysopogon; B. CHORKANTA) have a cluster of stiff hairs 
pointing upwards. In ‘Pupalia (fig. 162B) the perianth 
bears clusters of hook- 
ed bristles. — Tiger's 
nail (Martynia; В. 
BAGHNAKHI; H. SHER- 
NuI—fig. 162C) is а 
very interesting case. 
Its seed. is provided 
with two very sharp- 
pointed, stiff and bent 
hooks by which it can 
easily stick to the 
body of woolly ani- 
А : ., mals. (b) Sticky fruits. 

oon Кесүү 22 TRAE with Fruits of Boerhaavia 
with curved hooks, (B. PUNARNAVA; H. 

ч : SANTH—fig. 162A) are 
provided with sticky glands. In.mistletoe Wein: see ЧАЎ 
the seeds are sticky, (c) Fleshy fruits. Many fleshy fruits, 
particularly with conspicuous colour, are often carried by 

_ human beings and birds to distant places. (d) Edible fruits. 


A ‚в 
FIG. 169. А, fruit of Boerhaavia 
B, flowers of Pupalia. with hooked bristles; C, seed of ie also fig. 11/33В); 


with sticky glands 
with a pair of sharp, curv 
Many such fruits are regularly and often widely distributed 


by animals from one place to another or even from one 
country to another. Human beings and birds are very use- 


ег'з nai i 
s ed nail (Martynia) 
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ful and active agents in this respect. They feed upon the 
pulpy or otherwise edible portion of the fruits and reject 
the seeds which may germinate and grow up into new 
plants. Common among such fruits are guava, papaw, 
mango, shaddock, jack, blackberry, Indian plum, custard- 
apple, rose-apple, etc. Bats, squirrels and jáckals are also 
useful agents in dispersing seeds over wide areas. 


10 


PART II HISTOLOGY 
—————— UO 
CHAPTER 1 The Cell 


An Early History, The study of histology dates from the year 1665, wheri 
plant cells were discovered for the first time, It was Robert Hooke, an 
Englishman, who first: studied the internal Structure of a thin slice of 


bottle cork with the help of*a microscope improved by himself. He dis- 
covered for the first time a honey-comb-like st 


individual cavity of such a structure 


only the cell-wall that was noticed, this being the prominent part of the 
cell. Other prominent. workers ОЁ that time, 


ant of Delft in Holland, 
mania for grinding lenses. 
and within 20 years (1653- 
accuracy and perfection in his 
croscope before the Royal Society 


at the age of 21 in the year 1653 developed a 
He pursued this work with zeal and assiduity, 
1673) accomplished marvellous fineness, 

lenses, He gave a demonstration of his mi 
in 1667. He was the first to discover bacteria, Protozoa and other minute 
forms of life—'the wretched beasties, as he called them—under his own 
microscope. Grew, an English Physician and botanist, published his first 
paper on plant напе e 181. Malpighi, an Italian physician, studied 
the various tissues of vascular ants, a i i { Я 
In 1838-39 Schleiden, а Gern mis amd. ga Мз first paper in 1675 


German botanist, and Schwann, a German zoo- 
logist, proved definitely that both plants and animals are cellular in 
character, and founded the cell theory. 


Cell-strueture. We have alread learnt (see Introduction 
that the plant body y (see Introduction) 


is composed of cells Which are its funda- 


Plant Cells. ric, 1, 


; C, a group of 


P Protoplasm; N, nucleus, 


mental structural and functional units. A plant cell may be 
defined as a unit or independent, tiny 


1 МР or microscopic mass 
of protoplasm enclosing in it a denser spherical or oval body, 
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called the nucleus, and bounded by a distinct wall, called 
the cell-wall. Protoplasm and nucleus are living, while the 
cell-wall is non-living; the latter has been formed by the 
protoplasm to maintain its shape and firmness and to afford. 
necessary protection. Cells vary widely in shapes and sizes. 
In shapes they may commonly be spherical, óval, polygonal, 
cubical ог narrow and elongated. When young, they are 
often spherical or of like nature. Usually they are very 
minute in size and invisible to the naked eye. The average 
size of fully developed rounded or polygonal cells varies 
between 1/10th and 1/100th of:a millimetre. There are, 
however, many cells far beyond these limits. 


LIVING CELL-CONTENTS (THE PROTOPLAST) 

Protoplasm (see also pp. xv-xvii) is the only substance 
that is endowed with life; plants and animals containing 
this substance in their body are, therefore, regarded 
as living. 'The protoplasm has to perform manifold vital 
functions of a cell such as manufacture of food, nutrition, 
growth, respiration, reproduction, etc., and as such for the 
sake of convenience and efficiency of work it becomes 
differentiated into distinct living (protoplasmic) bodies, viz. 
(1) cytoplasm, (2) nucleus and in special cells (3) plastids, 
of which the first two are constant in all living cells. Such 
differentiated protoplasmic bodies have certain specialized 
functions. It must distinctly be noted that these living 
bodies are never formed afresh in the cells but always 
develop fronr pre-existing ones by divisions and that one 
kind of living body cannot give rise to another kind. 


DIFFERENTIATED PARTS OF PROTOPLASM 

1. Cytoplasm. The protoplasmic mass of a cell leaving out 
the nucleus and the plastids is otherwise called cell-proto- 
plasm or cytoplasm. When the cell is young the cytoplasm 
completely fills its cavity, i.e, the space between the cell-wall 
and the nucleus (fig. 2A), but as the cell rapidly increases 
in size it cannot keep pace with the growth of the cell-wall, 
Consequently a number of small (non-protoplasmic) cavities 
appear in the cytoplasm; these are called vacuoles (vacuus, 
empty; fig. 2B). As the cell further increases in size and 
matures all these small vacuoles fuse together into a large 
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one which then occupies by far the greater part of the cell, 
pushing the cytoplasm outwards as a thin lining layer against 
the cell-wall (fig. 2C). In some cells comparatively small 
vacuoles persist and then the cytoplasm forms delicate strands 
around them (fig. 2D). "The vacuole is filled with a fluid 
called the cell-sap which is water containing a large number 
of soluble chemical substances Such as inorganic salts, 
organic acids, soluble carbohydrates, €.g. sugars, soluble 
proteins, amino-acids, and in certain cells mucilage, antho- 
cyanins, tannins, latex, alkaloids, etc., in varying proportions. 


Cw CN 


A cell-wall; C; Cytoplasm; N, nucleus; F, vacuole; 
P, plastid (chloroplast), 
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Physical and Chemical Nature of Protoplasm. [See p. xvi] 


Tests. (а) ledine solution stains protoplasm brownish yellow. (b) Dilute 
dissolves it. (c) Millon's reagent (nitrate of mercury) 
stains it brick-red; the reaction is hastened by heating. 
Movements of Protoplasm.  Protoplasm. shows movements 
of different kinds. Naked masses of cytoplasm, not enclosed 
by the cell-wall, show two kinds of movements—eiliary and 
amoeboid, The cytoplasm enclosed by the cell-wall shows a 
streaming movement within it, which is spoken of as cyclosis. 
Cyclosis is of two kinds—rotation and circulation. 
(1) Ciliary Movement (fig. 3A) is the swimming movement 
of free, minute, protoplasmic bodies provided with one or 


A в 
Movements of Protoplagn. ric. 3. A, ciliary movement; B, amoeboid 
movement, 


more tail-like structures, called cilia. By the vibration of 
these cilia such ciliary bodies move or swim freely and 
rapidly in water, €.g. zoospores of many algae and fungi, 
male gametes of mosses and ferns, etc. 

(2) Amoeboid movement (fig. 3B) is the creeping move- 
ment of naked masses of protoplasm (i.e. not enclosed by cell- 
wall). They move or creep by the protrusion of one or more 
parts of their body in the form of false feet or pseudopodia 
(pseudos, false; podos, foot) and withdrawing the same at the 

` next moment, e.g. some slime fungi, certain ‘zoospores, etc. 

(3) Rotation (fig. 4A). When the protoplasm moves or 
streams within a cell alongside the cell-wall, clockwise or 
anti-clockwise, round a large central vacuole, the movement 

` is- called rotation. The direction of movement is constant so 
far as a particular cell is concerned. As the protoplasm 
‘rotates, it carries in its current the nucleus and the plastids. 
‘Rotation is distinctly seen in Vallisneria, Hydrilla, Chara 
and also in many other aquatic plants. Д 


I 
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(4) Cireulation (fig. 4B). When the protoplasm moves E 
streams in diffetent directions within a cell in the form ‘i 
delicate strands round a number of small vacuoles, the mov 
ment is called circulation. Circulation is very distinctly seen 
in the staminal hairs of Commelina obliqua, spiderwort 
(Tradescantia), in the young shoot-hairs of gourd and in 
many other land plants. 


Movements of Protoplasm (contd.) ric, 4. 4, rotation in the leaf of 
Vallisneria; B, circulation in the staminal hair of 
Commelina obliqua. 

2. Nucleus, The nucleus is specialized protoplasmic body 
much denser than the cytoplasm: anid jis commonly spherical 
or oval in shape. It always lies embedded in the cytoplasm. 
The nucleus is universally present in all living cells. In the 


ЕС, 5A. 
Cellular structure 
and nuclei in 

' onion scale, 
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higher plants there is almost always a single nucleus in each 
cell, while in many algae and fungi numerous nuclei may be 
present. In lower organisms like bacteria and blue-green algae 
true nuclei are absent, but there is a corresponding nuclear 
material Nucléi may vary widely in sizes from 1 to 500 
microns (or 1/1,000 to 1/2 mm.). Their usual size, however, 
is between 5 and 25 microns (or 1/200 and 1/40 mm.). A 
nucleus can never be newly formed, but it multiplies in 
number by division of the pre-existing one. 


Structure. Each nucleus (fig. 5B) is surrounded by a thin, 
transparent mémbrane known as (1) the nuclear membrane 
which separates the nucleus from the surrounding cytoplasm. 
Within the membrane, completely filling up the space, there 
is a dense but clear mass of protoplasm known as (2) the 
nuclear sap or nucleoplasm. Suspended in the nucleoplasm 
there. are numerous fine crook- а 

ed threads, loosely connected - = à 
here and there, forming a sort {5$ he — NUCLEOPLASM 
of network, called (3) the 2 
nuclear reticulum or chro j$ 
matin network. The threads 
are made of a substance known 
as‘chromatin or nuclein which 
is strongly stainable, The 
chromatin or nuclein is a nucleoprotein (see below). One or 
more highly refractive, relatively large and usually spherical 
bodies may be seen in the nucleoplasm; these are known as 
(4) the nucleoli (sing. nucleolus). 


Chemical Composition. The chemical composition of the 
nucleus is more or less similar to that of the cytoplasm (see 
p. xvii). The nucleus, however, is predominantly composed 
of nucleoprotein which is made of phosphorus-containing 
nucleic acids and certain specific types of proteins. All plant 
proteins contain C, H, O, N and S, and sometimes P. The 
two important nucleic acids are DNA (deoxyribonucleic acid) 
and RNA (ribonucleic acid). DNA occurs in the nuclear reti- 
RNA: in the nucleolus, chromosome and cyto 
152). The nucleus also contains some amount 

larly phospholipid. Inorganic salts such as 


culum, and 
plasm (see р. 


29 ticu 
-of lipids, P ME Fe and Zn are also present in the nucleus. 


those of 


and consists of three subunits; a 
Phosphate, a pentose sugar and a ni 


ogen base — nucleoside; 
+ nucleotide + nucleotide +... . 


TS in the nucleoli, chromosomes 
and cytoplasm (about 90%, of the cell's RNA occurs in the 
cytoplasm), while DNA occurs in the chromosomes (nuclear 
i lated chemically, consisting of 


Phosphate but DN Ahas deoxyribose 


With one less oxygen atom in its molecule. Both are large 
molecules or ma 


cromolecules but DNA is a double-stranded 
molecule, while R 


is a. single-stranded one. With the 
advance of knowledge biologists now hold the view that all 


i is the sole genetic 
( ereditary) material migrating intact from generation to 
generation through the reproductive uni 


«ell including protei 


Process of protein syn- 
thesis [For details see p. 268]. : P yn 
DNA Molecule fig. 6). 
Papi uie sromolecule),. forming the backbone of each Chromosome. 
In 1953 Watson and Crick "Winners of 1962 м, i 
model of DNA molecule (Watson.Cri According’ to the ЭМА 
occurs as a double-stranded molecule, with the two stran ds profusely coiled 
and entwined about each other throughout their whole length The structure 
is really like а ladder twisted spi y. Each “spiral arahe fü 

o. коше о союш ME alternating With groups of phosphate. 
Besides, there are infinite pairs of Cross-links. (like th 

connecting the two strands. Each pair is made of two ‘distinct nitrogenous 
bases—purines and pyrimidines. Altogether there are two purin lening 


€ Tungs of a ladder) 
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and guanine, and two pyrimidines—thymine and cytosine. It is the rule 


that a specific urine always pairs with a specific pyrimidine, viz. T-A and 
'G.C. ik a DNA sand (fig. 6B) there are altogether four types of nucleotides — PDT, 


A 


D: D- 
рс. 6. A, Watson-Crick model of DNA molecule; Me two strands are 
twisted about each, other; B, a portion of the same magnified; note the 
distribution of deoxyribose sugar (D), phosphate (P) and cross-links— 
> thymine-adenine (T-4) and guanine-cytosine (G-C). 


PDA, PDG and PDC, evidently including four types of nucleosides — DT, DA, DG 
and DC, and four kinds of nitrogen bases — T, A, G and C. Although the bases of the 
two coiling strands combine in only four specific pairs — T-A, A-T, G-C and C-G 


they (the pairs) occur in infinite sequences which enable the DNA molecule to coin 
an infinite number of chemical codes (or messages or informations) and. transmit 
appropriate codes to the different parts of the cell for their proper functioning. RNA 
acts as the chemical messenger or carrier of such codes. 


Functions. The nucleus and the protoplasm are together 
responsible for the life of a cell and the various vital functions 
performed by it. If they are separated both of them die. The 
nucleus, however, is regarded as the controlling centre of the vital 
activities of the cell in many ways. The specific functions 
performed by the nucleus are as follows : 

(1) The nucleus takes а direct part in reproduction. Two repro- 
ductive nuclei called gametes (egg-cell and male gamete) fuse 
together to give rise to an oospore which grows into an embryo. 
Thus nuclei are directly concerned in the process of reproduction. 

(2) The nucleus takes the initiative in cell division, i.e. it is the 
es first and this is followed by the division of the 


that divid к 
саега is how the cells multiply in number and the plant body 


grows. 
(3) The nucleu: 
ie. it is through 


sis regarded as the bearer of hereditary characters, 
the media of two reproductive nuclei that the 

h istics of parent plants are transmitted to the offspring. Itis 
d wipe ME DNA of the nuclear reticulum that is the 


to be noted that it is the i | 
sole genetic (hereditary) material of the two reproductive nuclei. 
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3 ids. Besides the nucleus, the cytoplasm of certain 
SERA have to perform specialized functions, encloses 
many small specialized protoplasmic bodies, usually dis- 
coidal, spherical or oval in shape; these are called plastids 
(see fig. 4A). They are present in all plants except bacteria, 
fungi and blue-green algae. Plastids are living. They are 
never formed afresh, but arise from minute, pre-existing 
bodies called proplastids already. present in. the embryonic 
cells. They multiply in number by division, According to 
their colour the plastids are of three types, viz. leucoplasts, 
chloroplasts and chromoplasts, One form of plastids can 


change into another; as for example, leucoplasts change into 


chloroplasts when the former are exposed to light for a 


prolonged period; similarly, chloroplasts change into leuco- 
plasts in the continued absence of light; similar changes may 
take place in chromoplasts, In the you 
leucoplasts gradually change 


) white). These are colourless 
plastids. - Leucoplasts occur most commonly in the storage 


nd stems; they are also. found in 
i heir function is to con- 
food substance, ‘for the 


> Sometimes the green 
T colours, Chloroplasts are 


a en Tey in manu- 
this car dioxi 
the water absorbed from the soil; ate oxide, and 
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part of the plant. In old brown leaves chlorophyll becomes 
decomposed, while carotene and xanthophyll are left intact. 
Chlorophyll is not soluble in water. It forms about 8% of 
the dry weight of the chloroplast, while carotene and xan- 
thophyll form about 2%. Functions. It is definitely known 
that chlorophyll absorbs energy from the sunlight. It may 
also help in the chemical process involved in the manufac- 
ture of food by the chloroplasts. Chlorophyll, however, does 
not undergo any chemical change in this process, i.e. it acts 
as a catalytic agent only. 

Extraction of Chlorophyll. Chlorophyl: as a whole can be easily ex- 
tracted from the leaf by boiling it for a minute or so and then dipping 
it into methylated spirit for some time. When all the chlorophyll is ex- 
tracted the leaf becomes colourless. The chlorophyll solution examined 
through transmitted light appears deep green in colour but by reflected 
light it appears blood-red in colour. This is the physical property of 
chlorophyll, called fluorescence. Then to the chlorophyll extract a small 
quantity of benzene is added and the whole solution briskly shaken. It is 
then allowed to settle for a few minutes. Benzene floats on the top (green 
solution) carrying. chlorophyll, while alcohol settles át the bottom (yellow 
solution) retaining carotene and xanthophyll. 

Chemical compesition of chlorophyil 

Chlorophyll a —C,,H,,ON Mg Carotene —C,,H,, 
Chlorophyll b —C,,H,,O.N.Mg Xanthophyll —C,,H,,0, 

(3) Chromoplasts (chroma, colour). These are variously 
coloured plastids—yellow, orange and red. They are mostly. 
present in the petals of flowers and in fruits, and the colour- 
ing matters (pigments) associated with them are xanthophyll 
(yellow) and carotene (orange-red) which occur in different 
proportions. Chromoplasts occurring in the petals of flowers 
make them showy and attractive to invite insects for the 
purpose of pollination. (Most other colours of flowers such 
as violet, purple, blue, brown and often red are due to the 
presence of a group of colouring matters known as antho- 
cyanins which remain dissolved in the .cellsap.) 

Most: colours of flowers such as violet, purple, blue, brown 
т are due to the presence of a group of colouring matters 
known as anthocyanins which remain dissolved in the tellsap. "The; are 
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PARTS OF A CELL 


cytoplasm—ectoplasm, endoplasm and tonoplasm. 
centrosome, mitochondria, Golgi bodies, etc. 


PART II 


living nucleus—nuclear membrane, nucleoplasm, 
nuclear rcjiculum and nucleoli. 
| == plastids—leucoplasts, chloroplasts and chromoplasts, 
1— seli-wall (made of cellulose). 
non-living 


vacuole (filled with cell-sap), 


Other Cytoplasmic Bodies. Although some of these bodies 
are seen under a compound microscope, indistinctly though, 
^ ы beiug very minute in 

size (fig. 7A), their 
—cYropas, (ЧЄ nature (fig. 7B) 
CENTROsome has been Tecently re- 

CHROMosome Vealed by the elec- 

NUCLEOLUs — tron microscope (see 

CHLOROPLAST P. 158, and their 


functions known. 


(1) Centrosome (fig. 
7A) is a minute body 
found in animal cells 
and in those of many 
lower plants like 
eed plants, It occurs 
5 During dde my п entral bodies called 
Opposite ends of the cell a 


oF as somewhat spheri 
the cytoplasm of all plant an i 


ception of bacteria and ey are specially 
abundant in the young metabolic tissue. Electton Mes 
cope has recently revealed thej ed structure: (a) 
an outer membrane, (b) an Fane thrown into 
folds, and (c) a granular matrix. Mitocho 


гат ndria multiply by 
division, and are cárried down to the Next generation 


now regarded as 
being centres of 


. THE CELL 157 
energy for its vital activities. ATP, an energy rich phosphate 
compound, is mostly formed in the. mitochondria, and is 
used to activate most of the biochemical reactions in respi- 
ration, protein-synthesis, etc. Mitochondria are in fact the 
powerhouses of the cell, generating energy. Besides, all 


ENDOPLASMIC \ ENS 
KETICULUM —* \ 


Fic. 7. B-C. Parts of a cell as seen under electron microscope; B, a portion 
of the cell (LY, lysosome); C, a mitochondrion, 


the enzymes essential to respiration, as also several other 
enzymes, are synthesized in them. Mitochondria are in fact 
the seats of respiration, particularly its aerobic phase. They 
are also connected with many other functions of the living 
cell because of ATP and several enzymes formed in them. 

(8) Golgi bodies. (fig. 7A) appear as- minute net-like 
structures under the compound microscope. They are found 
only in certain types of cells, and are more common in 
animals than in plants. In the gland cells of animals they 
are associated with secretions of certain enzymes, hormones, 
etc. In plants their significance is not clear. They may 
secrete cellulose membrane during nuclear division. Elec- 
tron microscope has revealed a complicated structure of the 
Golgi body. А 

(4) Endoplasmic reticulum is a network of tube-like 
structures distributed throughout the cytoplasm, as revealed 
by the electron microscope. Some of these tubes are con- 
nected with the nuclear membrane, and some with the cell- 
membrane. They appear to be associated with enzyme 
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formation, protein synthesis, storage and transpor: of meta- 
bolic products. They may also contribute to the formation 
of the cell-plate in nuclear division, and qf the nuclear 
membrane around the newly-formed nuclei. 

(5) Ribosomes. Associated with the membrane of the 
tubes and also occurring free in the cytoplasm are seen many 
tiny particles; they are called ribosomes. 'They are com- 
posed of RNA (ribonucleic acid) and protein. . They syn- 
thesize some of the enzymes but they are the main seats of 
protein-synthesis. 

(6) Lysosomes, They also occur as tiny particles in the 
cytoplasm. "They are spherical in shape, with an outer 
membrane and dense contents. They have been found in 
the meristematic cells of certain plants but they are more 
common in animals. They are rich in several 


i nals. enzymes and 
are associated with intra-cellular digestion. 


a compound microscope, 
an electron micr i 
FOR Su apes and also many new discoveries made in the cells. 


It is formed by the protoplast 
otect it from external injury. 
e но of the plant’ body, 
2 FED ‚үү: 

The cell-wall is a laminated тааш А 
toplast one after another, As a 
ddlc lamella, (ii) a primary wall 
е апа їп many cells, (iii) а 
sequence of development, ER ANA EU. ш 
соттоп middle layer 9f the cell-wall прита n d- 
joining cells, and it is always formed first It Wiese sl 
of calcium pectate (calcium salt of pectic acid) ү LR 

a cementing material firmly holding the adi ini Sali 
together. As the cells enlarge, a thin wall ; Mes i ой 
each surface of the middle lamella b о 


: y the 
cell. 'This wall is called the primary a pe He 
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parenchyma, collenchyma, cambium, etc., and it consists of 
cellulose, hemicellulose and pectose in varying proportions. 
The primary wall is elastic in nature so that it can keep 
pace with the growth of the cell. In many other cells, how- 
ever, as they mature, the wall 
may thicken by the addition 
of new layers laid down by the 
protoplast on each surface of 
the primary wall. This thick- 
ened, later-formed . wall is 
called the secondary wall, and 
it is composed of almost pure 
cellulose. This wall is tough 
and has a very high tensile 
strength. The cell-wall as a 
whole now comprises (i) a 
middle lamella, (ii) two pri- 
ric. 8.- Cells of the endosperm of mary walls, and (iii) two secon- 
Em MI. SANE lances dary walls. In special cases, 
P, protoplasmic threads (plasmo- as im tracheids, vessels, wood 
desmata). fibres, bast fibres, and stone 
cells the secondary wall becomes further thickened by the 
addition of new layers and deposition of new materials (see 
pp. 162-63), and this thickening may take special patterns (see 
pp. 160-61). It is further seen that the cytoplasm of one cell 
is connected with that of the adjoining one by fine cyto- 
plasmic strands passing through extremely minute pits in 
the cell-wall. These cytoplasmic strands are called plasmo- 
desmata (sing. plasmodesma; fig. 8). They are connected 
with the transmission of stimuli from cell to cell, and also 
of nutrient materials, particularly in storage tissues. 
The electron microscope reveals a complex structure of the cell-wall. 


"The wall develops in successive layers laid down by the protoplast one 


after another, and each consists of ап “interwoven network of extremely 
fine cellulose strands (microfibrils visible only under the electron micro- 
scope) with pectic compounds deposited in the meshes of the network, 
The primary wall is made of one layer of microfibrils deposited transversely 
or somewhat obliquely to the long axis of the cell, forming a loose network. 
This arrangement helps elongation of the cell-wall. The secondary wall, 
when formed, commonly consists of three layers, sometimes more, on each 
side of the primary wall, in which the microfibrils are laid down in different 
directions in the successive layers, forming a somewhat compact network 
in each case. This arrangement adds to the greater strength of the cell. 
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wall. At this stage nine layers may be counted in the cell-wall as a whole. 
4 In special cases the cell-wall further grows in thickness with new materials 


such as lignin, cutin, suberin, etc., freshly deposited in the meshes of the 
network. 


Plasma Membrane. This is 
layer forming the boundary of the cytoplasm. It is in fact 
the surface layer of the cytoplasm. In plant cells it lies 
adpressed against the cell-wall and is hardly distinguishable 
from it except under special treatment, but in animal cells 


plays a very important 
It has a selective power, 
pass through it into the 


cell and out of it. Large molecules of proteins, fats and 


Cell-wall. The secondary 
place in vessels (fig. 9) and 
y have grown considerably 
nsion their walls begin to 


г ll-wall takes 
tracheids (see fig. 28); after the 
and attaincd their full dime 


ey) 
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B с D 
Thickening of the Cell-wall, 


E 
n B, spiral; iform; 
D, reticulate; E, pitted (with simple pits); F, pi die нышы 


FIG. 9. 4, annular; 
tted (with bordered pits). 


due to the deposit of 
tance, called lignin, in 


thicken. The thickening in them is 
- a hard and chemically complex subs 


2 very thin hyaline living. 
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the interior of the original ce!l-wall. This deposit of 
lignin takes the following patterns. All lignified elements 
are dead. 

(A) Annular or ring-like, when the deposit of liguin is 
in the form of rings. (B) Spiral, when the thickening takes 
the form of a spiral band. (C) Sealariform or ledder-like, 
when the thickening matter or lignin is deposited trans- 
versely in the form of rods or rungs of a ladder, and hence * 
the name scalariform or ladderlike. (D) Reticulate or 
netted, when the thickening takes the form of a network. 
(E-F) Pitted, when the whole inner surface of the cell-wall 
is more or less uniformly thickened, leaving here and there 
some small unthickened areas 
or cavities. These unthickened 
areas are called pits, and are of 
two kinds, viz. simple pits (E) 
and bordered pits (F). Pits are 
formed in pairs lying against 
y each other on the opposite sides 
of the wall. When the pit is 
uniformly wide throughout its 
whole depth, it is a simple pit 
(figs. 10-11); and when the pit is 
unequally wide, being broader 
Simple Pits. ric. 10, A cell in towards the wall and narrower 
section showing simple pits in towards the cavity of the cell, 
its walls; P, pit; C.W., cell- 5 Ө 

май; M.L., middle lamella. — "Bore or less like a funnel with- 

out the stem, it is a bordered pit 
(fig. 12). In the bordered pit the adjoining thickening matter 
of the wall grows inwards and arches ovcr the pit from all 
sides forming an overhanging, border and hence the name 
‘bordered’ pit. The portion of the middle lamella crossing 
the pits becomes thickened and is known as the torus 
(fig. 12B-C). 


Chemical Nature of the Cell-wall. The cell-wall consists of 
a variety of chemical substances, of which cellulose is very 
conspicuous; btt as the cell grows older, it undergoes chemi- 
cal changes and a variety of new substances are formed. 
Certain mineral matters are also often introduced into the 
cell:wall 


11 


RT It 
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i bohydrate, is the 
1) Cellulose. Cellulose, an insoluble саг , 
о constituent of the cell-walls of all plants with the 


Fic. 11 
1С. 11. Simple pits. 4, cell-wall with sim; 
(sectional view). ric, 12. i 
(surface view); B, the same 


lulose and pectose, making the wall soft, 
elastic and cohesive. In the secondary wall formed later 
almost pure cellulose 


9ccurs, making the wall stiff but 
flexible. Later still cellulose is associated with lignin, 
suberin, cutin, etc. Cellulose is a soft, elastic and trans- 
Parent substan. 


ce, and is readily Permeable to water and 


soluble food Materials. Seed fibres such 


he intestines of such 


Ty help in the digestion of cellulose. 
Cellulose, however, cannot be 


digested by human beings. 
Economically articles like Paper, cellophane, gun-cotton, 
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celluloid, rayon (artificial silk), lacquer, etc, which have 
worldwide uses, are prepared from cellulose. 
(2) Lignim. Lignin occurs associated with cellulose in the 
ї walls of woody and fibrous tissues, and is respon- 
sible for the thickening and strengthening of such tissues. 
Lignin is deposited in the meshes of the network formed 
by long chains of cellulose molecules. It is a hard and 
chemically complex substance; possibly it is a mixture of 
several organic compounds. Lignified cells are usually thick- 
walled and always dead. Although hard and thick, lignin 
is permeable to water like cellulose. Water-conducting 
vessels and tracheids, wood fibres and bast fibres are common 
lignified structures. Lignified tissues give mechanical 
strength to the plant body. 


(3) Софа. Cutin is а waxy substance. Associated with 
cellulose and often with pectose it forms a definite layer, 
sometimes of considerable thickness, called the cuticle, on 
the skin (outer surface of the epidermal layer) of the stem, 
leaf and fruit. Cutin makes the wall impermeable or 
slightly permeable to water. Its function, therefore, is to 
prevent or check evaporation of water from the exposed sur- 
faces of the plant body. 

(4) Suberin. Cell-walls of certain tissues may be charged 
with another waxy substance, called suberin. It is allied to 
cutin in many respects but it occurs in the walls of cork 
cells. Being waxy in nature it makes the cell-wall almost 
impervious to water, and therefore, like cutin, it also pre- 
vents or checks evaporation of water. The bark of cork 
oak (Quercus suber) on the Mediterranean coasts is the 
source of bottle cork used for this purpose. 

(5) Mucilage. Mucilage is a slimy substance widely distri- 
buted in plants in their different parts. Chemically it is 
a complex carbohydrate. Its property is that it absorbs 
water freely and retains it. When dry it is very hard and 
horny, but when wet it forms a viscous mass. Mucilage is 
abundant in the leaves of Indian aloe (Aloe), branches pf 
Indian spinach (Basella), flowers of China rose (Hibiscus), 
fruits of lady's finger (Abelmoschus), and seeds of linseed 
(Linum), flea seed (Plantago; B. rsogcur; Н. ISOBGOL), etc. 

Various mineral crystals may also be introduced into the 
cell-wall; these are mostly crystals of silica and calcium 


164 A CLASS-BOOK OF BOTANY PART П 


oxalate and calcium carbonate (вее figs.17-19). In the majo- 
rity ef fungi, and sometimes also in algae, the cell-walls are 
made of a substance called chitin, a complex carbohydrate. 
allied to cellulose to some extent. Chitin, however, is pecu- 
liar to animals, particularly insects. 
Micro-chemical Tests of the Cell-wall 
Reagents Cellulose Lignin Cutine Suberin — Mucilage 


. Iodine solution — pale-yellow deep yellow. deep yellow 
2. Chlorzinciodine blue or yellow yello; 


wish brown 
violet 

8. Jodine solution 4- 

sulphuric acid ^ blue brownish deep brown violet 
4. Aniline sulphate DA bright yellow y E 

(acid) 
5. Phloroglucin (acid) violet red au 
6. Caustic potash sol. ad yellow to brown 
7. Potash 4-chlor-zinc- 

iodine P d violet 
8. Sudan IV ode m red a 
9. Methylene blue А deep blue 


NON-LIVING CELL.CONTENTS 
There is a variety of chemical compounds formed in the 
plant body and stored up in certain cells. There are three 
main groups of them, viz. (I) reserve materials, (II) secre 
tory products, and (IIT) waste products. 

I. RESERVE MATERIALS 

These are substanc y the protoplasm and 
stored up by d later utilized by it as 
food for its i i 


viz. (1) carbohydrates, (2) nitro- 
genous materials, and (3) 
1. 


Water éscapes and the carbon 
mass. Some carbohydrates are 


5 Є.Б. sugars and inulin, while others are 
insoluble, e.g. starch and glycogen, 


(1) Sugars. There are various kinds of sugars formed in 
plants. Of these, grapeeugar or glucose is chiefly found in 
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grapes, and eane-sugar Or sucrose in sugarcanes and beets. 
Grape-sugar is the simplest of all carbohydrates and is 
formed in the leaf by choloroplasts in the presence of sun- 
light. Other forms of carbohydrates are derived from it. 
Commonly all the glucose formed in the leaf becomes con- 
verted into starch, an insoluble carbohydrate. At night this 
starch is reconverted into sugar which then travels to the 


· storage organs- where it is again converted into starch by 


leucoplasts. The chemical formula of grape-sugar is С,Н,,О,, 
and that of canesugar C,,H,,O,,. Glucose contents of grapes 
are 12-15%, or more; sucrose contents of sugarcanes 10-15% 
and of beet roots 10-20%. $ 


Test for Glucose. Add Fehling's solution or an alkaline solution of 
copper srlphate to it and boil, a yeHowish red precipitate of cuprous 
oxide is formed. Test for Sucrose. Boil sucrose solution with 1 or 2 
drops of sulphurie acid, and then try the test for glucose. 

(2) - Inulin (fig. 13) 
{nulin-is a soluble carbo- 
hydrate, and occurs in 
solution in the cell-sap. 
When required for nutri- 
tion it is converted into 
a form of sugar (fruit- 
sugar or fructose). Inulin 
is present in the tube- 
rous roots of Dahlia and Fic, 13. Inulin crystals in the tuberous 
some other plants. root of Dahlia. 


When pieces of Dahlia roots are kept in alcohol or glycerine 
for 6 or 7 days, preferably more. inulin becomes precipitated 
in the form of spherical crystals (really aggregates of crys- 
tals), Under the microscope fully-formed inulin crystals are 
seen to be star- or wheel-shaped, and half-formed ones more 
or less fan-shaped. These crystals are deposited mostly across 
the cell-walls, and occasionally only in the cell-cavity. Some- 
times these crystals are so large that they extend through 
many cells. Inulin has the same chemical composition as 
starch, viz. (СН „О,) n. I Я 
(3) Starch (figs. 14-15). This is an insoluble. carbohydrate . 

and occurs in the form of mihute grains. Starch grains occur 
as a reserve food in all green plants in their storage organs. 
Rice, wheat. maize and millets which constitute the staple 
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food of mankind are specially rich in starch. Starch [ur 
may be oval, spherical, rounded and flat, or polygonal. Mio 
also vary very much in size, the largest known being a E 
100 microns (or 1/10 mm.) in length, as in the rhizome ‹ 

Canna, and the smallest about 5 microns (ог 1/ 200 mm.) E 
length, as in rice. In potato they are o£ varying sizes. Starc 

is always derived from sugar, either in the leaf by the chloro- 


© ве O. e» 
G29« В 7 


Wee 

Starch Grains. Fic. 14. A, simple eccentric grains in potato; B, compound 

grains in the same; C, a, simple concentric grain in maize; b, ditto in pea; 
"D, a, compound grain in rice; b, ditto in oat, 

plasts or in the storage organ by the leucoplasts. When 

required for nutrition starch is converted into sugar. 


or elongated spot may 


In the starch grain a dark, roundish 


ORI 28 
Starch Grains (contd.), FIG. grains in a potato tuber; B. 
concentric grains (and small granules of 


THE CELL 167 


be seen; this is the point of origin of the grain and is known 
as hilum. Around the hilum a variable number of strata (Le. 
layers) of different densities are alternately deposited, Each 
starch grain has thus a stratified appearance. In some grains, 
as in those of potato, the layers are laid down on;one side ot 
the hilum; such starch grains are said to be ecgentric. In 
others, as in those of pea, the layers are deposited concentri- 
cally round the hilum; such starch grains are said to be 
concentric. Commonly, as in potato and pea, starch grains 
occur singly with one hilum, when they are said to be 
simple; sometimes, however, two or more grains occur 
together in a solid group with as many hila as there are 
grains in it; this group then is said to form a compound 
grain, as in rice and oat (fig. 14D). A few compound grains 
are also sometimes formed in potato (fig. 14B). Starch has 
the same chemical composition as cellulose and inulin, viz. 
(С,Н,,О,) n. It is insoluble in water and alcohol Rice 
contains 70-80% of starch; wheat about 70%; maize about 
68%; barley 60-65%; arrowroot 20-30%; and potato 20%. 


Test. It turns blue to black when treated with iodine solution. the density 


.of'the colour depending on the strength of the reagent. 


Uses of Starch. Apart from its use as food for both plants and animals 
including human beings starch has a variety of industrial uses. When boiied 
in water, it forms a thin solution or paste which is extensively used in textile 
industry, laundry, paper industry, China clay industry, etc., as a sizing and 
cementing material. Starch is also widely used in the preparation of toilet 
powders, commercial glucose (by hydrolysis, and industrial alcohol (by 
fermentation) on a large scale. Sources of commercial starch mainly are 
potato, maize, tapioca, rice, wheat, sago-palm and arrowroot. 


(4) Glycogen. This is a very common form of carbohydrate 


‘occurring in fungi. In yeast (see fig. 22C), a unicellular 


fungus, it occurs to.the extent of about 30% of the dry 
weight of the plant. It is not found in higher plants but is 
widely distributed among animals and is, therefore, some- 
times called ‘animal starch’. It occurs in the form of 
granules in the cytoplasm of the cell. Glycogen dissolves in 
hot water. It is coloured reddish brown with iodine solution 
Its chemical formula is (C,H,,O,) n. ; р 
2. Nitrogenous Materials. The nitrogenous reserve materials 
that are stored up in plants for their use as food are the 
various kinds of proteins and amino-compounds (amines 
and amino-acids). 

(1) Proteins. Proteins are very complex, organic, nitro- 
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genous compounds, essentially containing carbon (C), hydro- 
gen (H), oxygen (O) and nitrogen (N). All plant proteins 
contain sulphur (S) and some also Phosphorus (P). Proteins 


nucleus, particularly as nucleoprotein, 
kinds of them found in t 
storage organs. They are mostly insolub 


are soluble in strong acids and alkalis, A common form of 


bundantly found in 
is the aleurone grain 
olid, ovate or rounded 
in it a large crystal-like body, known as 
d mineral body, called 


FIG. 16. 

Aleurone grains in the 
endosperm of castor seed; 
right, a few grains 
magnified. | Note 

the crystalloid and the 


Bloboid in them, 
OO 
the id. The Crystalloid is in i hil 
zo Protein in nature, while 
the globoid is a double Phosphate of ca] 


Fatty seeds usually contain a higher Percentage .of 
seeds, e.g, rice contains only 7% of Proteins, wheat 120 while sunflower 
seeds contain proteins as high as 3097. Siarchy sceds SE Tégumipóus plants, 
however, contain as high a Percentage of Proteins as fatty seeds e.g. in the 
pulses there is an average of about 25% of Proteins; in soya-bean (Glycine 
max) protcin contents are 35% or More, 

Average percentage composition of Proteins may be Eiven thus; carbon— 
50-54%: hydrogen—about 795: OXygcn—20.259; - nitrogen —16.]8»/. sulphur 
—0.4%; and phosphorus—o.4%, 


Testa for Proteins. (1) Protcins are coloured yellowish brown with strong 


integral part of protoplasm and 
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iodine solution. (2) Xanthoproteic reaction—add some strong nitric acid 
and a white precipitate is formed; on boiling it turns ycllow. After cooling 
add a little strong ammonia and the ycllow colour changes to orange. 

(2) Amino-compounds. Amino-acids and amines are the 
simplest forms of all nitrogenous food materials, and occur 
in solution in the cell-sap. They are found abundantly in 
the growing regions of plants, less frequently in storage 
tissues. When translocation is necessary, proteins become 
converted into amines and amino-acids. They travel to the 
growing regions where the protoplasm is very active, and 
are directly assimilated by it. They are also the initial 
stages in the formation of proteins. They contain carbon, 
hydrogen, oxygen and nitrogen, and sometimes also sulphur 
(as in cystine). There are 20 different amino-acids known 


to be constituents of proteins. 


3. Fats and Oils. Fats and oils occur to a greater or less 
extent in all plants. They occur in the form of minute 
globules in the cytoplasm of the living cells. In the 
‘flowering’ plants often special deposits of them are found 
in seeds and fruits. But in starchy seeds and fruits there is 
very little of them. Fats and oils are composed of carbon, 
hydrogen and oxygen, but the latter two do not occur in 
the same proportion as they do in water—the proportion of 
oxygen being always much less than in the carbohydrates. 
They are insoluble in water, but very readily soluble in 
ether, petroleum and chloroform. Comparatively few of 
them are soluble in alcohol, e.g. castor oil. Fats are syn- 
thesized in living bodies from fatty acids and glycerine under 
the action of the enzyme lipase. Both these products, viz. 
fatty acids and glycerine, are derived from carbohydrates 
(sugar and starch) during respiration. Fats and oils form 
an important reserve food with a large amount of energy 
stored in them. Their energy value is more than double 
that of the carbohydrates. When fats are decomposed the 
energy stored in them is liberated and made use of by the 
protoplasm for its manifold activities. Digestion of fats into 
fatty acids and glycerine is also brought about by the enzyme 
lipase. Fats that are liquid at ordinary temperature are 


: known as ‘oils’, In plants fats are usually present in the 


form of oils. 
A large number of them are used for food, for manu- 
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facture of soap and oil-paints, for illumination, lubrication, 
etc., and are, therefore, of considerable economic importance, 
e.g. coconut oil, olive oil, sesame or gingelly oil, castor oil} 
groundnut oil, palm oil, sunflower oil, linseed oil, mustard 
oil, cotton seed oil, etc. 


Tests for Fats and Oils. (1) The dry endosperm of castor or coconut 
burns when held over a flame, (2) It leaves a permanent greasy (oily) 


mark on a paper when rubbed on it. (8) Alcoholic solution of Sudan Red 
stains fats and oils red. 


П. SECRETORY PRODUCTS 


secreted. by the protoplasm 


Ў it, often in minute quantities, 
to perform some special functions as follows: 


i tenance of normal health. 


in both plants and animals, a 
on the growth and developme 


IH. WASTE PRODUCTS 


These include various substances which are not of any vital 


nor are they directly secreted by thé 
r y-products. T i 

excretory system in plants, these waste ne SR hern 
ad wood, and in other special cells 


isolated cells or in small groups of cells in 
of the plant body. They are abundant in 
wood, many leaves, young and old, and 


i ins di Many unripe fruits. 
As the fruits ripen tannins disappear; 


they become converted 
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into glucose and other substanees. They are also abundant 
in the fruits of myrobalans. Tea leaves contain about 18% 
of tannin, Catechu, a kind of tannin, is obtained from the 
heart-wood of Acacia catechu. Tannins are bitter substances 
and that is why ‘very strong’ tea and fruits of myrobalans 
taste bitter. They are aseptic, ie. free from the attack of 
parasitic fungi and insects. The presence of tannins makes 
the wood hard and durable. They are extensively used in 
tanning, ie. converting hide into leather. They are also 
used for various medicinal purposes. They turn blue-black 
with an iron salt such as ferric chloride. 


2. Essential Oils. These are volatile oils, and occur in oil- 
glands (see fig. 33A) which appear as transparent spots in 
the leaves of sacred basil, shaddock, lemon, lemon grass, 
Eucalyptus, etc., in the skin of fruits like orange, lemon, 
shaddock, etc., and in the petals of flowers of many plants, 
as in rose, jasmines, etc. In all of them the essential oils have 
their own characteristic odours. They differ from fatty oils 
in their chemical composition as well as in being volatile. 
‘They are sufficiently soluble in water to impart to it their 
taste and odour, but they are readily soluble in alcohol. 
There are some 200 essential oils of commercial value. Some 
of the common ones are lemon-grass oil, eucalyptus oil, 
clove oil, lavender oil, jasmine oil, sandalwood oil, thyme 
oil, rose oil (ATTAR), champac oil, etc. 

8. Resins, These are chemically complex substances mostly 
found in the stems of conifers (pine, for example) and occur 
in abundance in special ducts, known as resin-ducts (see 
fig. 23). They are yellowish solids, insoluble in water but 
soluble in alcohol, turpentine and methylated spirit. When 
present in the wood, resins add to its strength and durability. 
They occur associated with a small quantity of turpentine 
which is rémoved by distillation, and the residue is pure 
resin; they may also occur associated with gums. Resin is 
the main ingredient of wood varnish. 

4. Gums. Gums are complex carbohydrates formed in various 
kinds of plants, being the decomposition products of cell-walls 
(cellulose). They are insoluble in alcohol but soluble in water 
readily swell up in it, and form a viscous mass. They are 
found in many ‘flowering’ plants, and are of various kinds. 
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4cacia senegal yields the best gum-arabic of commerce. 
Gums also occur in mixtures with resins. 

5. Mineral Crystals. The co 
Of silica, calcium carbonat 
occur either in the cell 


mmon forms of crystals consist 
€ and calcium oxalate. They 
-Cavity or in the cell-wall. Of them, 
crystals of calcium oxalate are most common, and are very 
widely distributed among.various plants. 

(1) Silica occurs as an 
incrustation on the cell- 


wall or lies embedded 5059555995555561 
се РӘ 


in it. It is abundant 
in horsetail (Equisetum) 
and in the leaves of 


many grasses Wheat 
straw contains about 


72%, of silica, rye straw 
about 50% and Equise- 
tum about 71%. 

(2) Calcium carbo- 
nale occurs as a big Mineral Crystals, FIC. 17, Cystolith in the 
mass of small crystals in leaf of India-rubber plant. 


rubber plant, 


banyan, etc. The crystals 
the ingrowth 
ole crystalline 


a sort of stalk which is 
тта wall. Finally the wh 


A B a 
Mineral Crystals (contd.), FIG, 18. д solit: РА 
^ » 18. a j , 
of water hyacinth; B, a bundle of raphider Sie (two) in the petiole 


€ same; botlom, needles 


T) and a bundle of ra- 


(raphides) shooting out; C, Sphacro-crysials . (tou 
phides in taro (Colocasia) 


mass looks like a bunch of grapes suspended from a stalk, 
and is known as the cyetolith (fig. 17). 
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(3) Calcium oxalate occurs as crystals of various forms. 
(а) Raphides (fig. 18) ате needle-like crystals occurring singly 
or in bundles. They are found in most of the plants in 
smaller or larger quantities, but are specially common 
in water hyacinth, taro (Colocasia), Amorphophallus (B. or: 
Н. KANDA), balsam (Impatiens; 
B. DOPATI; H. GULMANDI), etc. 
They are frequently shut off by 
a cellwall from coming іп 
contact with the protoplasm. 
(b) Sphaero-crystals (fig. 18C) 
are clusters of crystals which 
radiate from a common centre, 
and hence have a more or less ^ 
star-shaped appearance. They. 
Mineral Crystals (contd.). Fic. 19. are found in taro (Colocasia), 
Various forms of calcium oxalate water lettuce (Pistia), etc. (c) 

crystals in the dry onion scale. Octahedral, cubical, prismatic 

and rod-like crystals (fig. 19) 
of calcium oxalate are also common in plants: they can be 
readily scen in the dry scales of onion. 
Tests. (a) 50% nitric acid (or hydrochloric or sulphuric acid) solution 
dissolves both calcium carbonate and oxalate crystals, but bubbles of car- 


bon dioxide gas are cvolved only in the case of carbonate crystals, (b) 309% 
acetic acid solution readily dissolves calcium carbonate crystals only. but 


not the oxalate crystals. 
6. Latex. This is the milky juice found in latex cells and 
latex vessels (see fig. 32). Latex occurs as an emulsion con- 
sisting of a variety of chemical substances. Rod- or dumb- 
bell-shaped starch grains may often be found in the latex. 
It also sometimes contains.some poisonous substances, as in 
yellow oleander (Thevetia). The function of latex is not 
clear; perhaps in some way it is associated with nutrition, 
healing of wounds and protection against parasites and 
animals. Latex is often white and milky, as in banyan, 
pecpul, jack, madar, oleander, Euphorbia, etc., sometimes 
coloured (yellow, orange or red). as in opium poppy, piden 


poppy, prickly poppy, etc. 


7. Alkaloids. These are complex nitrogenous substances and 
occur combined with some organic acids, mostly in seeds and 
roots of some plants. They have an intensely bitter taste and 
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many of them are extremely poisonous. There are over 200 
known alkaloids found in plants, e.g. quinine in Cinchona, 
nicotine in tobacco, morphine in opium poppy, caffeine in 
coffee and tea, strychnine in nux-vomica, etc. The role played 
by the alkaloids in the physiology of plants is not known. 


FORMATION OF NEW CELLS 


Plants begin their existence as a single cell. This divides 


and forms two cells; these again divide, and the process 
continues, resulting in the development of the body of the 
plant. There are different methods by which new cells are 
formed in plants by division of the pre-existing cell. In all 
such cases it is the n 


ucleus that divides first. and this is 
followed by the division of the cell. 


which may conv 
ed into four 


st sign of the Prophase is the 
appearance of a number of sepa. 


Crooked threads, call- 
ed chromosomes (B). The chromo. 
somes, particularly the longer ones 
are more or less spirally coiled. The 


individual chromosomes are alwa Mitosis. ric, 20 A.. 
longitudinally- double, with he Metabolic nucleus. 


two threads, called chromatids, remaining adpressed against 
each other throughout their length. Chromosomes are com- 
' Fig. 20A-J redrawn after fig. 40 iñ Fundam , 
Sharp. by permission of McGraw-Hill Book Company, roe Ae nA 
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posed of nucleoproteins (see p. 151). As prophase proceeds 
the chromosomes relax their coils and thicken somewhat (C). 


Mitosis (contd.). Fic. 20 B-D. Prophase. 


Their double nature becomes more apparent. As prophase 
advances a chromosomal substance accumulates in a sheath 
or matrix round each chromosome and the chromatids be- 
come closely coiled in it (D). Each chromatid divides longi- 
tudinally into two. Thus at this stage each chromosome is 
seen to consist of four threads. In well-fixed chromosomes 
some unstained gaps or constrictions are seen; these are the 
attachment regions, called centromeres. The nucleoli lose 
their staining power and disappear completely. The nucleus 
then rapidly passes into the next stage, the metaphase. 


Second Phase or Metaphase. The 
nuclear membrane disappears and 
a spindle-like body known as the 
nuclear spindle. is formed (E). The 
spindle may be of nuclear origin, or 
more probably of cytoplasmic ori- 
gin. Commonly in root-tips it ap- 
pears as two opposite polar caps out- 
side the nuclear membrane (as in 
D). The membrane then disappears 
and the spindle extends into the nu- 
clear area. The chromosomes move 


: Mitosi 
to the equatorial plane of the ьс 20 E. eas 
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spindle and stand there clearly apart from one another. At 
this stage the chromatids come even more closely together. 


From the centromeres of each pair 
`оЁ chromatids fibre-like exten- 


[2 n r. <] 
{conta 24 b 

Mitosis (contd.). seem to be a co . 

-FIG. 20 E. Anaphase. PEA figure 


н 
Mitosis (contd.). ric, 20 G.r, Telophase, 
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It passes into the metabolic stage or prepares for the next 
division. 

Cytokinesis. This is the division of the cytoplasm by the 
formation of a new cell-wall in the equatorial £egion. This 
process, known as the cellplate 
method, is the usual one in the 
vegetative cell. It usually begins in 
the telophase when new cellulose 
particles are gradually deposited 
in the equatorial zone, and soon 
these particles fuse together to 
form a delicate membrane, divid- 
ing the cytoplasm. into two new 
cells (J). 

Importance. The importance of ka- 
ryokinesis lies in the fact that by 


Mitosis (contd.). ; 
Fic. 20 J. Cytokinesis. this complicated process of nuclear 


the constituents of the chromosomes are equally 
wo daughter nuclei and thus they be- 
d quantitatively similar to the mother 


division, 
apportioned to the t 


come qualitatively ап 1 
nucleus. Chromosomes are the bearers of hereditary charac- 


ters and because of even distribution of chromosomal sub- 


stance, particularly DNA (see p. 152), the two daughter 
nuclei possess all the characteristics and qualities of the 


mother nucleus. 
Chemist osomes. Chromosomes are. made of nucleoprotein. 
хе ан ое ер the nucleoprotein аге : nucleic acids and certain 
Special iypes of proteins. Nucleic acids occur in the chromosomes mostly 
in the form of DNA and to some extent only as RNA. The nature and 
: he diploid cells are constant for a particular 


quantity of sent in t d 5 £ 
eu ршн of animala and in the haploid cells just half this quantity 


Occurs (see also p. 152). 
Structure of the Chromosome. Most of the chromosomes lie within a 
range of 1-204 in lengths. Each chromosome consists of two parts (see 
fig. 20 E-F) : (a) two spiral threads, called chromatids, twisted about each 
other, sometimes very closely, and (Бу a chromosomal matrix. There is 
a series of granules arranged in a linear order along the whole length of 
the chromatid; they look like beads in a chain and are called chromomeres. 
The attachment regions of the chromatids, which appear as unstained gaps 
ог constrictions, are called centromeres: Their position is constant in ihe 
Chromosome, as seen in successive divisions, There are usually two arms 
of the chromosome, lying on the sides of the centromere. The arms may 
be equal or unequal, depending on the position of the centromere. Further, 
опе arm has commonly а small segment at its distal end; this is called 


the satellite. 


12 
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2. Meiosis or Reduction Division (fig. 21). Meiosis (meiosis, 
diminution) is a complicated process of nuclear division by 
which the chromosome number is reduced to half in the four 
daughter -nuclei so formed by this process. The reduced- 
chromosome number is expressed as haploid or n (or x) 
For example, if there be 12 chromosomes іп the mother 
nucleus there will be only half this number, i.e. 6 chromo 


somes in the daughter nuclei. Meiosis is completed in two 


‘divisions. In this proces the mother nucleus with 2n 


chromosomes divides twice to give rise to four nuclei in a 
group, each nucleus with n chromosomes. Of the two suc 
Cessive divisions it is only the first one that is reduction 
division, while the second one is mitotic. 

Meiosis takes place in all plants reproducing sexually a! 


a certain time in their life-cycle. most often in the forma- 
tion of spores as in all hi 


І gher cryptogams and ‘flowering’ 
plants. In green algae and many fungi meiosis occurs imme 
diately after fertilization or on the germination of the 


zygote. In some algae meiosis occurs in the formation of the 
gametes. Wherev 


itis Une meiosis may occur in the life-cycle of 2 
plant, it is universal] 


Y true that all gametes have half thë 
usual number of c 


; hromosomes. Then when sexual 7€ 
production takes place, i.e, when two 


chromosomes) fuse toge 


sion whereby the chrom? 
(п), and. division 11 is mitotic a 
nature. This being so, the four nuclei (cells) so formed by this proce 
have the same reduced number (n) of chromosomes, е 
Division І. Prophase. Identical or homologous chromosomes (оле 
paternal and one maternal) соте together in pairs throughout their who 
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lengths. This pairing called synapsis (a feature of meiosis is in the 
nature of close association (but not actual fusion). Each chromosome pair 
splits longitudinally and thus four threads or chromatids are formed in 
each chromosome. The paired chromosomes, each with two chromatids, 
now begin to separate from each other except in one or „few points, called 
chiasmata. At each chiasma an exchange of genes, called crossing-over, 
takes place; this is a special feature of meiosis. Metaphase. The paired 
chromosomes move to the equator of the spindle and Bet attached to 
spindle fibres at a certain point called centromere (see Р; 175). Anaphase. 
Homologous chromosomes (paternal and maternal) of each pair now begin 
to move towards the opposite poles. The reduction of chromosome number 
from diploid (2n) to haploid (n) is evident; this is a special feature of 
meiosis. Telophase. The chromosomes form a compact group at each 
pole. The two daughter nuclei, thus formed, evidently have haploid (m) 
chromosomes, each with two chromatids, 

Division 1I. This is mitotic in nature. With the second division ‘al- 
together four daughter nuclei are formed. Finally by cytokinesis (see 
p. 177) four cells are produced, each with haploid (n) chromosomes. It will 
be noted that the first division in meiosis is reductional, while the second 


division is equational. 


Significance. The significance of meiosis is that by this pro- 
cess the chromosome number is kept constant from gene- 
ration to generation. If no reduction had taken place in the 
chromesome number at any stage of a plant the offspring 
would have an ever-increasing number of chromosomes and 
a peculiar composition of them resulting in new peculiar 
and distinct types of offspring since chromosomes are the 
bearers of hereditary characteristics, and meiosis is the 
mechanism for their transmission to the offspring. By meiosis 
the DNA which is the sole genetic material is carried down 
to the offspring from generation to generation through the 
gametes in sexual reproduction. 


Differences between Mitosis and Meiosis. 


1. Mitosis is the somatic cell division, in which the chromosome num- 
ber remains constant, expressed as 2n or diploid; while meiosis is the 
reduction division, in which the chromosome number is reduced to half 
the somatic number, expressed as n or haploid. 

2. Mitosis occurs in vegetative cells and continues almost indefinitely 
in them, retaining the same number of chromosomes, i.e, 2n, in all suc- 
cessive divisions; while meiosis occurs in the formation of reproductive 
units (spores or gametes) and ends with two divisions (the first being 
reduction division), resulting in a group of four cells or nuclei (spores or 
gametes), each with m chromosomes. Mitosis is connected with vegeta- 
tive growth of the plant body; while meiosis is concerned with reproduc- 
tion. 

3. In both the processes the chromosomes appear in specific numbers, 
In mitosis, however, they appear in double threads (chromatids) while 
in meiosis they appear in single threads but in identical pairs (one pater- 


nal and one maternal). 
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4. Pairing of identical (homologous) chromosomes soon occurs Ws 
prophase of-méiosis but no such pairing takes place in mitosis. s 
ther, the prophase of mitosis is short, while it is a prolonged one 
meiosis. ` а 

5. In mitosis each chromosome splits into two sister chromatids which 
move to the two opposite poles, while in meiosis the homologous -chromo- 
somes separate from each other and then move to the opposite poles. 

6. Chiasma (pl. chiasmata, i.e, one or more points of contact of the 
two homologous chromosomes) and crossing-over (exchange of genes) arc 
special and exclusive features of meiosis. 

7. Haploid gametes formed by y - 
reproduction, and their fusion. product, ie, the zygote, becomes diploid 
(n+n=2n). Тһе diploid zygote divides by mitosis and gives rise to the 
vegetative body with diploid cells. „as in all higher plants.. Normally no 
such fusion of diploid vegetative cells (nuclei) takes place, Meiosis is really 
a mechanism to keep the chromosome. number constant from generation 
to generation. . 


3. Amitosis or Direct Nucl 


meiosis normally fuse in pairs in sexual 


ear Division (fig. 29A). In this 
9 some extent and then it under- 


тес 1510п may ог may not be followed by the 
division of the 


cell. Amitosis commonly occurs in certain 
lower algae and fungi. 


k 1 In the higher plants it is seen to 
occur in certain old cells here and there. 
4. 


indi (fig. 22B). This is à modification of 
indirect nuclear divisi - It differs from the latter in that 
immediately after the division of 
8s by repeated mitotic divisions a 
€ formed. When the divisions of 


ric. 22, 4, amitosis or direct nuclear division; B, free 


cell formation in the 
development of endosperm; C, budding à 


n yeast. 
the nuclei cease, cytoplasm aggregates round them, and i 
cell-wall is formed round each nucleus. The formation © 
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the cell-wall gradually proceeds from one side to the other, 
resulting in a regular tissue (combination of cells). The 
endosperm, i.e. the food storage tissue of the seed. is formed 
by this method. 


5. Budding (fig. 22C). This is:seen in yeast—a unicellular 
fungus. In this plant the cell forms one or more tiny out- 
growths on its body. The nucleus undetgoes direct division 
(amitosis) and splits up into two. One of them passes on to 
one outgrowth. The outgrowth increases in size and is ulti- 
mately cut off from the mother yeast as a-new independent 
cell (a new yeast plant) This process of cell formation is 
known as budding. Often budding continues one after the 
other so that chains and even sub-chains of cells are formed. 
Ultimately all the cells separate from one another. 


INTERCELLULAR SPACES AND CAVITIES 


Intercellular Spaces. When the cells are young they remain 
closely packed without any empty space or cavity .between 
them; but as they grow, their walls split at certain points, 
giving rise to small cavities or empty spaces; these are inter- 
cellular spaces. They remain filled with air or water. 
Schizogenous Cavities. Bigger cavities are also often formed 
by the splitting up of common walls and the separation of 
masses of cells from one another; these are schizogenous 
(schizein, to split) cavities. 
Intercellular spaces and 
these cavities form an in- 
tercommunicating system 
so that gases and liquids 
can easily diffuse from 
one part of the plant body 
to the other. Most resin- 
ducts in plants are schizo- 
genous cavities (fig. 23). 
Lysigenous Cavities. 
Sometimes, during the 


SchiZogenous Cavity. 
f FIG. 23. A resin-duct of pine stem 
development of a mass o with resin. 


cells, their walls break 
down and dissolve, and as a consequence large ‘irregular 
cavities appear; these are known as lysigenous (lysis, loosen- 
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ing) cavities. "These cavities are meant for storing up | 


water, gases, essential oils, etc., and thus act as glands (see | 
fig. 33A). 


CHAPTER 2 The Tissue Н 
Cells grow and assume distinct shapes to perform definite | 
functions. Cells of the same 


bine into a group for the di 
Each 


thin and homogeneous; the 
ive with large nuclei; and the 


e (see figs, 34-35 
permanent tissues, while (b). the 


bium (see fig. 40), lies amo 


lateral meristem, e.g. cam- | 
and gives rise to secondary 


ng masses of permanent tissues 
Permanent tissues, 


| 
———— TISSUES | 


apical ee 


Primary intera [^ Primary — | 


| Е permanent | 
Meristematic lateral S RE | 
tissues (eg. cambium | 
of stem) е 
| > secoudary 
secondary —lateral Se еек 
(e.g. cambium 
of root) 


Permanent Tissues. These are com 
lost the power of dividing, 
form and size. They may be 
or thick-walled. Permanent 


posed of cells that have | 
having attained their definite | 
living or dead апа thin-walled | 
tissues are formed by differen- 
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tiation of the cells of the meristems (apical and lateral), and 
may be primary and secondary The primary permanent 
tissues are derived from the apical meristems of growing 
tegions and the secondary permanent tissues from the lateral 
meristems. 


PRIMARY PERMANENT TISSUES 


Classification. Primary permanent tissues may be classified 
as simple and complex. A simple tissue is made up of one 
type of cells forming a homogeneous or uniform mass, and a 
complex tissue is made up of more than one type of cells 
working together as a unit. To these may be added another 
kind of tissue—the secretory tissue. 


1. SIMPLE TISSUES 

l. | Parenchyma (fig. 24A). Parenchyma consists of a collec- 
tion of cells which are more or less isodiametric, that is, 
equally expanded on all sides. Typical parenchymatous cells 
are oval, spherical or polygonal in shape. Their walls are 
thin and made of cellulose; they are usually living. Paren- 
chyma is of universal occurrence in all the soft parts of 
plants. Its function is mainly storage of food material. 
Parenchyma containing chloroplasts, often called chloren- 
chyma, manufactures sugar and starch. Star-like parenchyma 
with radiating arms, leaving a lot of air-cavities, is called 
aerenchyma, as in the petidle of banana and Canna (fig. 
25A-B) and also in many aquatic plants. 


2. Collenchyma (fig. 24B-C). This ussue consists of some- 
what elongated cells with the corners or intercellular spaces 
much thickened with a deposit of cellulose and pectin. In a 
transverse section of the stem the cells, however, look circular 
or oval. Their walls are provided with simple pits here and 
there. Collenchyma occurs in a few layers under the.skin 
(epidermis) of herbaceous dicotyledons, e.g. sunflower, gourd, 
etc. (see figs. 42-45): It is absent from the root and the mono- 
cotyledon except in special cases. T'he cells are living and 
often contain some chloroplasts. Being flexible in nature 
collenchyma gives tensile strength to the stem. Containing 
chloroplasts it also manufactures sugar and-starch. Its func- 
tions are, therefore, both mechanical and vital. 
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3. Sclerenchyma 
sists of very long, 


(fig. 26). Sclerenchyma (scleros, hard) con- 
» Narrow, thick-walled and lignified cells, 


FIG, 24, 4, Parenchyma; B, collenchyma in transection; C, collenchyma 
in longitudinal section, 


Fic, 25. A, aerenchyma in the petiole of ban: 
f petiole of Canna, 


апа; B, the same in the 
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usually pointed at both ends. They are fibre-like in appear- 
ance, and hence they are also called sclerenchymatous fibres, 


Fic. 26. Sclerenchyma, 

A, fibres as seen in longi- 

section; B, the same as 

seen in transection; and 
C, a single fibre. 


or simply fibres. They have simple, 
often oblique, pits in their walls. The 
middle lamella is conspicuous in 
sclerenchyma. Sclerenchymatous cells 
are found abundantly in plants, and 
occur in patches ‘or definite layers. 
They are dead cells and serve a purely 
mechanical function, that is. they give 
strength and rigidity to the plant 


` body and thus enable it to withstand 


various strains. Their average length 
is 1 to 3 mm. but in the fibre-yielding 
plants such as hemp (Cannabis; B. and 
H. Ganja), Indian hemp (Crotalaria; 
B. sHoNE; Н. saN), Deccan hemp 
(Hibiscus; B. NALITA; H. AMBARI), jute 
(Corchorus), flax (Linum), rhea or ra- 
mie (Boehmeria), bowstring hemp (San- 
sevieria; MURGA; H. MARUL), etc. these 
cells may be of excessive lengths rang- 
ing from 20 mm. to 550 mm. Such 


fibres are of commercial importance. 

Sometimes here and there in the plant body special types 
of sclerenchyma may be developed. These are known as ‘the 
stone or sclerotic cells (fig. 27). The cells are very thick- 
walled and strongly lignified, and are mostly isodiametric or 
irregular in shape or slightly elongated. Stone cells occur in 
hard seeds, nuts and stony fruits. They contribute to the 
firmness and hardness of the part concerned. The flesh of 
pear is gritty because of the presence of stone cells in it. 


c 


Fic. 27. Stone cells—two types. 
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П. COMPLEX TISSUES 


1. Xylem. Xylem or wood is a conducting tissue and is com- 
posed of elements of different kinds, viz. (a) tracheids, (b) 
vessels or tracheae (sing. trachea), (c) wood fibres and (d) 
wood parenchyma Xylem as a whole is meant to conduct 
water and mineral salts upward from the root to the leaf, 
and to give mechanical strength to the plant body. Except 


wood parenchyma all other xylem elements are lignified, 
thick-walled and dead. 


(a) Tracheids (fig. 28). These are elongated, tube-like dead 
cells with hard, thick and lignified walls and a large cell- 
cavity. T'heir ends are comm 


only tapering or oblique, Their 
walls are usually ; В = 


provided with one 
or more rows of 
bordered pits. Tra- 
cheids may also be 
annular, spiral, sca- 
lariform or pitted 
(with simple pits). 
In transverse sec- 
tion they are most- 
ly angular, either 
polygonal or rect- 
angular. Tracheids 
(and not vessels) 
occur alone in the 
wood of  ferns 
and gymnosperms, 
whereas in the 
wood оар Tracheids with bordered pits, re. 28, A, stem 
perms they occur im radial section; B, the same ia tangential 

associated with the ection. 

vessels. Being lignified and hard, t 
the plant body, but their main 
water and mineral salts from the 


(b) Vessels or Tracheae (fig. 29), Vessels are rows of 
elongated tube-like dead cells, placed end to end, with their 
transverse or end-walls dissolved. A vessel or trachea is thus 


very much like a series of water-pipes forming a pipe-line. 


racheids give strength to 
function is conduction of 
root to the leaf. 
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Their walls are thickened in various ways, and according to 
the mode of thickening vessels have received their names such. 


(a 


MAR 


il 


с 


Kinds of Vessels, ric. 29. А, annular; B, spiral; С, scalariform; 
D, reticulate; E, a vessel with simple pits; F, a vessel. with bordered pits. 


as annular, spiral, scalariform, reticulate and pitted. Asso- 
ciated with the vessels are often found some tracheids. Vessels 
and tracheids form the main elements of the wood or xylem 
of the vascular bundle (see fig. 40). They have large cell- 
cavities which serve for conduction of water and mineral salts 
from the roots to the leaves. They are dead, thick-walled and 
lignified, and as such they also serve the mechanical func- 
tion of strengthening the plant body. 

(c) Wood Fibres. Sclerenchymatous cells associated with 
wood or xylem are known as wood fibres. They occur abun- 
dantly in woody dicotyledons and add to the mechanical 
strength of the xylem and the plant body as a whole. 

(d) Wood Parenchyma. Parenchymatous cells associated 
with xylem together form the wood parenchyma. The cells 
are alive, thin-walled and generally abundant. The wood 
parenchyma assists, directly or indirectly, in the conduction 
of water upwards through the vessels and the tracheids; it 
also serves for food storage. 


2. Phloem. Phloem or bast is another conducting tissue, 
and is composed of the following elements: (a) sieve-tubes, 
(b) companion cells, (c) phloem parenchyma, and (d) bast 
fibres (rarely). Phloem as a whole is meant to conduct 
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: Е 
prepared food materials from the leaf to the storage orga 
and the growing regions. 

SIEVE-PLATF 


SIEVE-TUBES 


COMPANION 
CFLL 


PHLOEM 
PARENCHYMA 


SIEVE PLATE 


FIG. 30. Sieve tissue in longitudinal section. 


(2) Sieve-tubes (figs. 30-31). Siey 


с 
is, however, perforated by a num- 
ber of pores, [t then looks very 
much like a sieve, and is called s 
the sieve-plate. In winter, the 


я ste i х FIG. 31. Sieve-tube in tran- 
sieve-pláte is covered by a thin pad, 


section, C, companion cell: 
called callus or callus pad. In S, sieve-tube, 


body. A heavy deposit of food material is found on either 
side of the sieve-plate with a na 


\ 
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(b) Companion Cells. Associated with each sieve-tube and 
connected with it by simple pits, there is a thin-walled, 
elongated cell, known as the companion cell. It is living, 
containing protoplasm and a large elongated nucleus. The 
companion cell is present only in angiosperms. 

(c) Phloem Parenchyma. There are some parenchymatous 
cells in the phloem. These are living, and in shape often 
cylindrical. Phloem parenchyma, however, is mostly absent 
in monocotyledons. 

(d) Bast Fibres. Sclerenchymatous cells occurring in the 
phloem or bast are known as bast fibres. These are generally 
absent in the primary phloem but are of frequent occurrence 
in the secondary phloem. 


ПІ. SECRETORY TISSUES 


1. Laticiferous Tissue. This consists of thin-walled, greatly 
elongated and much-branched ducts (fig. 32) containing a 
milky juice known as latex (see p. 173). Laticiferous ducts are 
of two kinds: latex vessels and latex cells. They contain 
numerous nuclei which lie embedded in the thin lining layer 
of protoplasm. They occur irregularly distributed in the mass 


Laticiferous Tissue. ric. 32. 4, latex cells: B, latex vessels. 


of parenchymatous cells. The function of laticiferous ducts is 
not clearly understood. They may act as food-storage organs 
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or as reservoirs of waste products. They may also act as trans- 
locatory tissues. 


Latex vessels (fig. 32B) are rows of more or less parallel 


ducts, connected with one another by the fusion of their 
branches, forming a network, Latex vessels are found in the 
poppy family, e.g. opium Poppy, garden poppy and prickly 


Poppy and also in some species of the sunflower family, e.g. 
Sonchus. 


Latex cells (fig. 32A), on the other hand, although much- 
branched like the lat 


dent units. They b 


X cells are found in 
(B. & H. 51]), oleander (N 


(e.g. banyan, fig. peepu 
2. Glandular Tissue. 


erium), periwinkle (Vinca), Ficus 
1), etc. 

This tissue is made of glands which 
containing some Secretory or excretory 
ngle isolated cells or 
à central cavity, They 
external, 

(fig. 334) secreting essen- 
of orange, lemon, pum- 
secreting glands, as in the betel leaf; 
m, resin, tannin, ,etc.; (4) digestive 


c D 


of orange skin; B, a glandular hair of 
ind of 


Glands. Fic. 33. A, an oil-glang 
Boerhaavia fruit; C, a digestive Bland of bus 
digestive gland of sund; SEES 


\ Ort (insectivorous); D, а 
ew (insecti 


Vorous), 
glands secreting enzymes or dj 


gestive agen 
water-secreting glands at the t 


č ts; and (5) special 
1Ps of veins 


THE TISSUE 191 


External glands are commonly short hairs tipped by 
glands. They are: (1) water-secreting hairs or glands; (2) 
glandular hairs (fig. 33B) secreting gummy substances, as in 
tobacco, Plumbago (B. cHITa; Н. cHrrRAK), and Boerhavvia 
(B. PUNARNAVA; H. THIKRI); (3) glandular hairs secreting 
irritating, poisonous substances. as in nettles (see fig. 1/93); 
(4) honey glands or nectaries, as im many flowers; and (5) 
enzyme-secreting glands (figs. 33C-D), as in carnivorous 
plants. 


Permanent tissues 
—simple, e.g. parenchyma, collenchyma. and sclerenchyma 
—complex, e.g. xylem and phloem. 
—secretory, e.g. laticiferous, and glandular 


Distribution of Strengthening or Mechanical Tissues. The 
distribution of mechanical tissues in the plant body is deter- 
mined by several factors. From a purely mechanical stand- 
point the principle of distribution is as follows: Stems have 
to bear the weight of the upper parts. and are swayed back 
and forth by the wind. They are, therefore, subjected to 
alternate stretching and compressing. The best position for 
strengthening tissues in stems. therefore, is close to the 
periphery, either in the form of a cylinder or in patches. 
Roots, on the other hand, are subjected to the pulling force 
exerted by the swaying stem and also:to the compressing 
force exerted by the surrounding soil. These forces are met 
by roots by the development of a solid wood cylinder in or 
around the centre. 


Collenchyma and sclerenchvma, including wood fibres aud 
bast fibres, are the two most important tissues concerned in 
the strengthening of the plant body. Their distribution may 
be studied with reference to the sunflower stem (see fig. 43) 
and the maize stem (see fig. 46). 


Roots develop sclerenchyma less frequently and they are 
wanting in collenchyma. Here the lignified wood vessels and 
tracheids give the necessary strength. Later on wood fibres 
develop in the secondary wood and contribute materially to 
the mechanical strength of the root. In many monocotvle- 
donous roots, as in aroids, the pith is sclerenchymatous. Some- 
times, as in orchids, the conjunctive tissue is also scleren. 
chymatous. 
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Distribution of sclerenchyma in the leaf is rather irregular. 
It is commonly associated with the vein or vascular bundle, 
or it may occur as Patches here and there. 

APICAL MERISTEM 


l. Stem Apex (fig. 34). 
through the apex of а st 


» Which cover and 


(1) Dermatogen (derma, skin; Ben, producing). ‘This is the 


PRRIBLEM PLEROME РЕТ ЕМ 
tem apex ir. longitudinal section, 


FIG, 34. 5 
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single outermost layer of cells. It passes right over the apex 
and continues downwards as a single layer. The cells divide 
by radial walls only, i.e. at right angles to the surface of the 
stem, and increase in circumference, thus keeping pace with 
the increasing growth in volume of the underlying tissues. 
The dermatogen gives rise to the skin layer or epidermis 
of the stem (see p. 195). ) 

(2) Periblem (peri, around; blema, covering) This lies 
internal to the dermatogen, and is the middle region of the 
apical meristem. At the apex it is single-layered but lower 
down it becomes multi-layered. It forms the cortex of the 
stem, which is often, particularly in dicotyledons, differen- 
tiated into hypodermis, general cortex and endodermis 
(see p. 198). rie pd 

(8) Plerome (fleres, full) This lies internal to the peri- 
blem., and is the central region of the stem apex. At a little 
distance behind the apex certain groups or strands of cells 
show a tendency to elongate. "These groups or strands of 
elongated cells are said to form the procambium. In a trans- 
verse section of the stem each procambium appears as a small 
group of cells which soon become differentiated into the ele- 
ments of xylem on the inner side and of phloem on ihe outer, 
together forming into a vascular bundle. ^A portion, how- 
ever, may remain undifferentiated, and it forms the cambium 
of the vascular bundle, lying in between xylem and phloem. 
Plerome as a whole gives rise to the central cylinder or 
stele (see p. 199), ås it is called, which in a dicotyledonous 
stem is differentiated into the pericycle, medullary rays, 
pith and the vascular bundles (see fig. 43). 

2. Root Apex (fig. 35). A median longitudinal section through 
the apex of the root shows that it is covered over and pro- 
tected by a many-layered tissue which constitutes the root- 
cap. The apical meristem or growing region lies within 
and behind the root-cap (see fig. 1/33). The promeristem, 
as in.the stem. early differentiates into three regions, viz. 
(1) dermatogen. .(2) periblem and (3) plerome. In many 
roots, however, these three regions are not clearly marked. 

(1) Dermatogen. As in the stem. this also is single-layered 
but at the apex it merges into the periblem: outside this 
the dermatogen cuts off many new cells, forming a small- 
celled tissue known as the ealyptrogen (calyptra, cap: gen, 


13 
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producing. The calyptrogen is also meristematic, and K 
repeated divisions of its cells gives rise to the root-cap. i 
WERMATOGEN DERMATOGEN the root passes through thi 

а EN EON PREM ard (sol, the тсоісар 
HHH HHT often wears away but the? 
it is renewed by the under 
lying  calyptrogen. 
oat of Sites cells of the 
rootcap may be modifie 
into mucilage which helps 
the root to push forwar 
in the soil more easily: 
At a little distanee from 
the root-tip. the outermor 
layer bears a large numbe 
of unicellular root-haiT™ 
The dermatogen continue 
upwards as a single oute 
most layer called thé 
epiblema, 

(2) Periblem. As in th? 
stem, this also is single 


FIG, 85, Root а ех 
Жол layered at the apex ko 

many-layered higher Ы: 

lon or cortex of the TO 


in longitudinal 


TRA Its structure and function are practically 
strands ie those of the stem, But here some ргосатр!2 
81е rise to bundles Of vessels (xylem) and others to 


tubes (phloem) in an alternating manne 


d the plerome, 
toderm which Corresponds to " 
iso d 
id 9d md d ааа s Cl, as inthe prever classification, 
spaces. ES rs соты tal meristem, which fills up the remain аў 
the procambium), 9% the periblem and the plerome (exclu 
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taking a definite share in the common life-work of the plant. 
Each system may consist of only one tissue or a combination 
of tissues which may structurally be of similar or different 
nature, but perform a common function and have the same 
origin. The three systems are: (I) The epidermal tissue 
system, (П) the ground or fundamental tissue system, and 
(Ш) the vascular tissue: system. 


l. The Epidermal Tissue System.  lhe epidermal tissue 
system consists mainly of a single outermost layer called the 
epidermis (epi, upon or outer; derma, skin) which extends 
over the entire surface of the plant body. At surface view the 
cells of the epidermis are somewhat irregular in outline 
(fig. 36), but closely fitted together without intercellular spa- 
ces. They, however, appear more or less rectangular in tran- 
section. Epidermal cells are parenchymatous in nature with 
colourless cell-sap. In the leaves and young green shoots the 
epidermis possesses numerous minute openings called stomata 
(fig. 36). The outer walls of the epidermis are often thick- 
ened and cutinized. The cutinized layer or the cuticle 
checks evaporation of water. In many plants the epidermis 
bears hairs of different kinds—soft, stiff, sharp, stinging, 
‘glandular, etc. Functions. The epidermis functions as a pro- 
tective tissue. It protects the plant body against excessive. 
evaporation of water, attacks of herbivorous animals, parasitic 
fungi and bacteria, and excessive heat or cold. 

The outermost layer of the root is called the epiblema or 
piliferous layer. It is mainly concerned with the absorption 
of water and mineral salts from the soil. Thus to increase 
the absorbing surface which may be 5 to 20 times greater, 
the outer walls of most of its cells a little behind the apex 
(see fig. 1/33) extend outwards and form tubular unicellular 
root-hairs. The epiblema is neither cutinized nor is it 
provided with stomata. 


Stomata. Structure and Behaviour. Stomata (stoma, a mouth) 
are very minute openings (fig. 36) formed in the epidermal 
layer in green aerial parts of the plant, particularly the leaves. 
Roots.and non-green parts of the stem are free from them. 
Each stoma is surrounded by two semi-lunar cells known as 
the guard cells. The term ‘stoma’ is often applied to the 
stomatal opening plus the guard cells. The guard cells are 
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living and always contain chloroplasts, and their inner walls 
are thicker and outer walls thinner. They guard the stoma 


FIG. 36 
Stomata 

in epidermal 
layer (surface 
view) 


: 1 5 igh temperature. 
dryness of the air, blowing of dry wi i І 
of water in the зой, 4. 9 ОЁ dry wind and deficient supply 


ing of the stomata 
guard cells, and the move- 


о factors ]ight and water. 


of stomatal Opening. Y affects the degree 
The expansion 


being soluble, irene 
5 Я ndition the guard cells 
stoma opens. In darmi “on ene cl and become turgid, and. the 
guard cells becomes converted into, 9 ег hand the Sugar present in the 
Concentration of the cell-sap ig 


d. The 
2 » therefo; poun a 

bouring cells. Under this condition the rane oe of the ПЕВА. 
shrink, and the stoma Closes, cells lose water an 


rd the atmosphere— 
oxygen for respiration and carbon dioxide for manufacture 
of carbohydrates, For the facility of di u 
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Stomata in betel deaf. ric. 37. A, lower epidermis with numerous stomata; 
B, section of leaf (a portion of the lower side); RC, respiratory cavity 
internal to a stoma; C, upper epidermis with no stoma. 


each stoma opens internally into a small cavity, known as the 
respiratory cavity (figs. 37B and 38) which in its turn commu- 


nicates with -the 
system of inter- 
cellular spaces and 
air-cavities.  -Sto- 
mata. are also the 
organs through 
` which evaporation 
of  watel takes 
place; in this way 
the plant gets rid 
of the surplus 
water, Stomata are 
most abundant in 


кіс. 38. Sunken stoma in the leaf of 
American aloe (Agave). 


the lower epidermis (fig. 37A) of the dorsiventral leaf (see 


ric. 39, Sunken stomata in the 
-leag§ of oleander (Nerium). 


p. 58); none {or sometimes 
comparatively few) are 
present in the upper (fig. 
37C). In the. isobilateral 
leaf (see p. 58), stomata 
are more or less evenly 
distributed оп all sides 
(see fig. 54). In the floating 
leaves. as in those of the 
water lily, stomata re- 
main confined to the up- 
per epidermis alone; in 
the submerged leaves no 
stoma is present, In plants ` 
growing in deserts or dry 


п 
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regions, e.g. American aloe (fig. 38), oleander (fig. Det 
one or more stomata occur sunken in each pit to тше of 
cessive transpiration against gusts of wind. The nci: 
stomata per unit area varies within wide limits. In or d 
land plants there is an average of about 100 to 300 stom: s 
per square millimetre, sometimes much less or many more. 

desert plants they may be only 10 to 15 in the same area. 

2. The Ground or Fundamental Tissue System. This system 


€ body of the plant, and extends 
from below the epidermi 


ne that lies between the epider- 
varying in thickness from a few to 
many layers, In dicotyledonous stems (see figs. 42-45) it is usu- 
i the following sub-zones: (a) hypoder- 
Yers of collenchyma or sometimes scle- 
renchyma; (b) gener. cortex or cortical parenchyma—a few 
middle layers of thin-walled cells with or without -chloro- 
plasts and (с) endode 


rmis—a single internal layer, often 


f (a) many layers of 


j Parenchyma and (b) a distinct circular layer © 


Functions. In stems the cortex Primarily functions as 4 
Protective tissue; its Secondary functions are manufacture 
and storage of food, П Toots the cortex is essentially 2 
оше REM ©. It is also the Pumping station of the root 
where the individual Cells by their alternate expansion an 
сп Tae on аса Pumps forcing water absorbed by the 
root-hairs, into the xylem vessels, Ч 

(2) Pericycle, This forms 4 
the endodermis, and th, 
cylinder encircling the vascular bundles and the pith, as in 
dicotyledonous stems. It May i 
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forming a continuous zone, as in the gourd stem (see fig. 45), 
but more commonly it is made of both parenchyma and 
sclerenchyma, the latter forming isolated strands in it. Each 
such strand associated with the phloem or bast of the vas- - 
cular bundle in the form of a cap is known as the hard bast, 
as in the sunflower stem (see fig. 43). In roots the pericycle 
consists of a single layer of small, very thin-walled, more or 
less barrel-shaped cells. 

Functions. In all roots the pericycle is the seat of origin 
of lateral roots (see fig. 52). In dicotyledonous roots it further 
gives rise to lateral meristems—a portion of the cambium 
` (see fig. 59) and later the whole of the cork cambium (see 
fig. 61). In all stems the pericycle is the seat of origin of 
adventitious roots. Otherwise its function is mechanical or 
storage. 

(3) Pith and Pith Rays The pith or medulla forms the 
central core of the stem and the root and is usually made of 
large-celled parenchyma with abundant intercellular spaces. 
In the dicotyledonous stem the pith is often large and well 
developed. In the dicotyledonous root the pith is either small 
or absent, bigger vessels having met in the centre; while in 
the monocotyledofous root à distinct large pith is present. 
It is often parenchymatous, but sometimes sclerenchymatous. 
In the dicotyledonous stem the pith extends outwards to the 
pericycle between the vascular bundles. Each such exten- 
sion, which is a strip of parenchyma, 1s called the pith ray 
or medullary ray. It is not present as such in the root. 

Functions. They serve to store food material. The func 
tion of the sclerenchymatous pith is, of course, mechanical. 
The medullary ray further transmits water and food material 
ipheral tissues, and is the seat of origin 


of a strip of cambium (sce fig. 55) prior to sccondary growth. 
3. The Vascular Tissue System. This system consists of a 
number of vascular bundles which are distributed in the 
stele. The stele is the central column of the dicotyledonous 
stems and all roots surrounded by the endodermis and con- 
sists of pericycle, vascular bundles, medullary rays and pith. 
Each bundle may be made up of both xylem tissue and 
phloem tissue with a cambium, as in dicotyledonous stems, 
or without a cambium, as in monocotyledonous stems, or 
of only one kind of tissuc—xylem or phloem, as in roots. 


1 
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The function of this System is to conduct water and raw food 
materials from the roots to the leaves 


ing regions. The Vascular bundles may be regularly 
arranged in a ring, as in the Stems of most dicotyledons 
and in all roots, or they may be scattered in the ground 
tissue, as in the stems of monocotyledons. 


Elements of a Vascular Bundle (fig. 40). A vascular bundle 

of a dicotyledonous stem, when fully formed, consists of three 

well-defined tissues: (1) xylem or Wood, (2) phloem or bast. 
and (3). cambium. They have different kinds of tissue 
elements. : 

FIG," 40. 

Vascular bundles 

of sunflower stem 

in transverse and 
longitudinal 
sections. 

À, wood 
parenchyma; 

` B, protoxylem 
(annular and 
spiral vessels); 

C. tracheids and 
wood fibres; 

D, metaxylem 
(reticulate and 
Pitted vessels), 

E, cambium; 

F, phloem 
(sieve-tubes. 
companion 
cells and 
phloem 
parenchyma); 

G, sclerenchyma 
(hard bast). 


(1) Xylem or Wood (see РР. 186-87), This lies towards the 
centre, and is composed or the following elements: (J) 
‘tracheae or vessels, (2) some tracheids, (3) а number of wood 
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fibres, and (f) a small patch of wood parenchyma. Vessels 
are of various kinds (see fig. 29) such as spiral, annular, 
scalariform, reiiculaie and pitted (with simple or bordered 
pits), Some tracheids also lie associated with the vessels. 
Wood fibres and wood parenchyma are ordinary scleren- 
chymatous and parenchymatous cells lying associated with 
the wood or xylem, and provided with simple pits in their 
walls. Xylem vessels and tracheids are used for the conduc- 
tion of water and mineral salts from the roots to the leaves 
and other parts of the plant; xylem parenchyma assists them 
in their task and also serves for food storage, and wood 
fibres give proper rigidity to the xylem. Except for the 
wood parenchyma all other xylem elements are thick- 
walled, lignified and dead, and hence they also give mecha- 
nical strength to the plant body. The first-formed xylem 
or protoxylem consists of annular, spiral and Scalariform 
vessels; it lies towards the centre of the stem and its vessels 
have smaller cavities. The later-formed xylem or amete- 
xylem consists of reticulate and pitted vessels and some 
tracheids; it lies away from the centre and its vessels have 
much bigger cavities. Xylem is endarch in stems, and its 
development is centrifugal. i 

(2) Phloem or Bast (see pp. 187-89). This lies towards 
the circumference, and consists of (7) sieve-tubes, (2) com- 
panion cells, and (3) phloem parenchyma. Companion cells 
and phloem parenchyma are provided with simple pits, parti- 
cularly in the walls lying against the sieve-tubes. Phlóem. 
as a whole is used for translocation of prepared;food materials 
from the leaves to the storage organs and also to the different 
growing regions, All the elements of phloem are made of 
cellulose. and are living. Primary phloem. hardly ever con- 
tains bast fibres, but it may be capped by a patch of pericyclic 
sclerenchyma, called hard bast, as scen in the sunflower stem 
(see fig. 43). The outer portion ot phloem consisting of 
narrow sieve-tubes is the first-formed phloem. Or proto. 
phloem and the inner portion consisting. of bigger sieve- 
tubes is the later-formed phloem or metaphloem. з 

(3) Cambium. This is а thin strip of primary meristem 
lying in between xylem and phloem: fr usually consists of a 
few layers of thin-walled and roughly rectangular cells. А]. 
though camibial cells look rectangular in transverse section, 
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they are much elongated, often with oblique ends. They be- 
come flattened tangentially, i.e. at right angles to the radius 


of the stem. Cambium is responsible for secondary growth 
in thickness of the plant body. 


Types of Vaseular Bundles (fig. 41) According to the 


arrahgement of xylem and phloem, the vascular bundles are 
of the following types: 


(1) Radial (A), when x 
bundles and these lie on 
each other, as in roots. 


(2) Conjoint, when xylem and phloem combine into one 
bundle. There are different types of conjoint bundles. 
(a) Collateral (B-C), when xylem and phloem lie together 


on the same radius, xylem being internal and phloem 
external. 


ylem and phloem form separate 
different radii alternating with 


F 
Types of Vascular Bundles, FIG. 4] 


“4; ial; еп); € 
collateral (closed); D, bicollateral; radial; B, coliateral (open) 


E, concentric (x al); E 
à ylem central); 
concentric (phloem central), 


When in a collateral bundle the 
dicotyledonous stems, the bund] 
and when the cambium is absent 
as in monocotyledonous stems. 


cambium is present, as in 
€ is said to be open (B) 
it is said to be clased (C 
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(b) Bicollateral (D), when in a collateral bundle both 
phloem and cambium occur twice—once on the outer side 
of xylem and then again en its inner side, The sequence 
is: outer phloem, outer cambium, xylem, inner cambium 
and inner phloem. Bicollateral bundle is characteristic of 
the gourd family. It is always open. 


(c) Concentric (E-F.), when xylem lies in the centre and 
is surrounded by phloem (E), as іп ferns, or phloem: lies in 
the centre and is surrounded by xylem (F); the latter type 
is found only in some monocotyledons, e.g. sweet flag (Aco- 
rus; B. & Н. восн), dragon plant (Dracaena) and dagger 
plant (Yucca). A concentric bundle is always closed. 


Apical Meristems and Tissue Systems 


PROMERISTEM 
—>dermatogen ——* cpidermis—— — — — ——». epidermal tissue system 
hypodermis 
> periblem——* cortex | general cortex 
endodermis 
——P» ground tissue system 
pericycle 
pith ray 
pith 
Pap etoile ud vascular ——> vascular tissue system 


bundles 
(phloem, cambium 
and xylem) 


CHAPTER 4 Anatomy of Stems 
DICOTYLEDONOUS STEMS 


l. Young Sunflower Stem (fig. 42-43). Prepare a thin trans- 
verse section of the stem and properly stain it with safranin. 
All the lignified elements are stained deep red. At first 
note under a pocket lens the distribution of three zones 
in it: epidermis, cortex and stele; in the stele note the 
distribution of numerous vascular bundles in a ring and 
also a large pith. Then under a microscope study the inter- 
nal structure of a sector in detail. 

(1) Epidermis. This forms the outermost layer, and con- 
sists of a single row of cells, flattened tangentially and fit- 
ting closely along their radial walls, with a well-defined 
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cuticle extending over it. Here and there it bears some 
multicellular hairs and a few stomata, but. no chloroplasts 
except in.the guard cells. i 

(2) Cartex. This is the`zone that lies in between the epi- 
dermis and the pericycle, and consists of hypodermis exter- 
nally, general cortex centrally, and endodermis internally. 


EPIDERMIS 


HYPODERMIS 
(COLLENCHYMA) 


FIG. 42. Young sunflower stem in transection, as seen under a pocket d 
: (a) Hypodermis (collench: ma)—this lies i iately below 
the epidermis, and corti E n qi ined colle? 
chymatous cells. These’ cells are specially thickened at the 
corners against the intercellular 5 
of cellulose and pectin. The 
number of chloroplasts, (b) Ge 
nal to the hypodermis and c 
walled; large, rounded or 
may be reduccd to ] or 9 


more or'less barrel-shaped a 
Endodermis is conspicuous outside the‘ hard bast. but 06 


| 
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loses its identity on either side. It contains numerous starch 
grains and is also known as the starch sheath. 

(3) Pericycle. This is the region lying in between the 
endodermis and the. vascular bundles, and is represented by 
semi-lunar patches of sclerenchyma and the intervening mas- 
ses of parenchyma. Each patch associated with the phloem 
of the vascular bundle is called the hard bast. 


(4) Medullary Rays. A few layers of fairly big polygonal 
or radially elongated cells, lying in between two vascular 
bundles, constitute a medullary ray. 


CORTEX 
~—— ENDODERMIS 


CORTEX 


LL PERICYCLE 
(HARD BAST) 


— PHLOEM 


CAMBIUM 


—_ METAXYLEM 3 
5 
LJ 

__, PROTOXYLEM 3 
2 
у 

— woop 3 

PARENCHYMA 
— PITH 


Fic. 43. Young sunflower stem (a sector) in transection. 


(5) Pith. This is very large in the sunflower stem, and 
occupies the major portion of it. It extends. from below the 
vascular bundles to the centre, and is composed of rounded 


LY 
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or polygonal, thin-walled, living cells with conspicuous inter 
celiular spaces between them. 

(6) Vascular Bundles. These are collateral and open, and 
are arranged in a ring. Each bundle is composed of a (а) 
phloem or bast, (b) cambium and (c) xylem or wood. ` 

(a) Phloem. This lies externally and consists of (i) sieve 


(b) Cambium. Passing inwards, a band of thin-walled 
tissue is seen, lying in 


; betwéen phloem and x lem; this 5 
the cambium. Its Cells are arranged in radial TE and arë 
EU T 1n shape, very small in size and ve 
thin-walled. Cambium i i G 
Wes e ca SEM ны; for secondary gro 

(с) Xylem 


2. Young Gourd (Cucur 
thin transverse section of 
safranin. Note under a 
epidermis, cortex and stele 


bita) Stem 


‚ Further not idges а? 
five furrows, ten vascular b neve thesfive 186 T 


row corresponding to the 
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furrows, and the central cavity (the stem being hollow). 


Then under a microscope study the internal structure of a 
sector in detail. : 


(1) Epidermis. This is the single outermost layer passing 
over the ridges and furrows; it often bears many long and 
narrow multicellular hairs. 


EPIDERMIS 


COLLENCHYMA 


fic. 4+. Young gourd (Cucurbita) stem in transection, as seen 
à under a pocket lens. 


(2) Cortex. This consists of hypodermis externally, general 
cortex in the middle, and endodermis internally, (2) Hypo- 
dermis (collenchyma) lies immediately below the epidermis, 
and consists of six or seven (sometimes more) layers of collen- 
chymatous cells in the ridge. In the furrows the number 
of layers is reduced to two or three, sometimes none; in 
the furrows the underlying parenchyma may be séen to pass 
right up to the epidermis. Collenchyma contains some 
chloroplasts. (b) General cortex forms a narrow zone of 
parenchyma, 2 or 3 layers thick. In the furrows it often 
passes outwards right up to the epidermis. Chloroplasts are 
abundant in the cortex. (p) Endodermis is the innermost 
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layer of the cortex, lying immediately outside the pericycle- 

This layer is wavy in outline and contains starch grains. 
(3) Perieycle. Below the endodermis there is a zone of 

sclerenchyma which represents the pericycle. This ‘zone 


consists of 4 or 5 layers of thick-walled, lignified cells which 
are polygonal in shape. 


(4) Ground ‘Tissue. This is thi Е bi 
walled parenchyma ex e continuous mass of thin 


: у tending from below the sclerenchyma 
a A Pith cavity; in this tissue lie embedded the vascular 
es. 


LL. EPIDERMIS 
—- HYPODERMIS | 


CORTEX 


—_ GENERAL CORTEX 
ry. —— ENDODERMIS 


$ -——— OUTER PHLOEM 
ГУ Ll OUTER CAMBIUM 


XYLEM 


INNER CAMBIUM 


VASCULAR BUNDLE 


eax 
wee 


INNER PHLOEM 


GROUND TISSUF 


FIG. 45. Youn | 
J g gourd (Cucurbita) stem (8 sector) in transection. 


5) Vascular B 
uec ana yox d are bicollateral, usually. t€? 
consists of (а) xylem, (b) ed in two rows. Each bundle 


stri) 5 
patches of phloem. P5 of cambinm, and (c) tw? 
| (a) Xylem occupies the centre of ; 
à t ts: 
on the outer side, of very wide ne Pündle, ане consi? 


2 Vessels (pitted) which cons 
titute the metaxylem, and on the TRAY 5h pe) шы езе, 
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vessels which constitute the frotoxylem. Protoxylem vessels 
remain scattered. There may be some tracheids and wood 
fibres, but wood parenchyma is abundant. 

(6) Cambium. This tissue occurs in two strips—the outer 
and the inner—one on each side of xylem. Its cells are thin- 
walled and rectangular, and arranged in radial rows. The 
outer cambium is manylayered and is more or less flat, 
While the inner cambium is few-layered and curved. Each 
strip of cambium gradually merges into Phloein and xylem. 


(c) Phloem occurs in two patches—the outer and the 
inner. Note that the outer phloem is plano-convex and the 
inner one semi-lunar in shape. Each patch of phloem consists 
of sieve-tubes, companion cells, and phloem parenchyma. 
Sieve-tubes are very conspicuous in the phloem of the Cucur- 
bita stem. Here and there sieve-plates with perforations in 
them may be distinctly seen. The rest of the phloem is 
made up of small, thin-walled cells which constitute the 
Phloem parenchyma. 


MONOCOTYLEDONOUS STEMS 

l. Indian Corn or Maize Stem (fig. 46). Cut a thin trans. 
verse section and properly stain it with safranin. Note 
under the microscope the internal structure in detail from 
the circumference to the centre. 

(1) Epidermis. This is a single outermost. layer with a 
thick cuticle on the outer surface. Here and there in the 
epidermis a few stomata may be seen. } 

(2) Hypodermis (sclerenchyma). This forms a narrow zone 
of sclerenchyma, usually two or three layers thick, lying 


below epidermis. NE f 
(3) Ground Tissue. This is the continuous mass of thin- 


walled parenchyma, extending from below the sclerenchyma 
to the centre. It is not differentiated into-,cortex, endo- 
dermis, pericycle, etc., as in a “dicotyledonous stem. The 
cells of the ground tissue enclose numerous intercellular 
s 

W REN Bundles (fig. 47). These are collateral and 
closed, and lie scattered in the ground tissue; they are more 
numerous, and lie closer together nearer the periphery than 
the centre. The peripheral ones are also seen to be smaller 


14 
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in size than the central ones. Each vascular bundle is some 
what oval in general outline and is more or less completely 


EPIDERMIS 
HYPODERMIS 


VASCULAR 
BUNDLE 


GROUND 
TISSUE 


тс. 46 


1 E 
altogether absent. em and (b) phloem only; cambium 
(а) Xyle: mainl ї 15 
arranged in pere consists of usually four distinct ve). 
cheids arranged pam of a Y, and a small number of v 
lar and spiral) lyi egularly. The two smaller vessels (292 ^ 
the rotis le ying radially towards the centre consti Hs 
| П у we and the two bigger vesscls (pitted) 11 
мета Чу together with the small pitted tracheids IyinE i 
between them constitute the meliiiylen БЕЛДЕ» thi 
Palled wood fat хеш parenchyma almost: surrounding 4 
conspicuous water-containing cavity is present in the prot 

xylem, and a few wood fibres occur associated with the 
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cheids in between the two big pitted vessels. The said water- 
containing cavity has been formed lysigenously, re. by the 


SCLERENCHYMA 


255 —— — —  PROTOPHLOEM 
(BROKEN) 


COMPANION CELL 


PHLOEM 


SLEVE-TUBE 


PITTED VESSEL 


ANNULAR AND 
SPIRAL VESSELS 


XYLEM 


WOOD PARENCHYMA 


CAVITY 
SCLERENCH YMA 


ric. 47. A vascular bundle of maize stem (magnified) 


breaking down of the inner protoxylem ‘vessel and the 
contiguous parenchyma during the rapid growth of the 
stem. à 

(b) Phloem consists exclusively of sieve-tubes and compa- 
nion cells; no phloem parenchyma is present in the mono- 
cotyledonous stem. The outermost portion of the phloem, 
which is a broken mass, is the protophloem, and the inner 
portion is the metaphloem. The former soon gets disorga- 
nized, and the latter shows distinct sieve-tubes and compa- 
nion cells. 


- Differences between Dicotyledonous and Monocotyledenous Stems 


Dicotyledonous stem Monocotyledonous stem 
(e.g. sunflower) (e.g. maize) 
° 
1. Hypodermis , collenchymatous sclerenchymatous. 


f parenchyma а continuous mass of 
ў 1 Cortex a few layers of p о 
t е а wavy layer parenchyma up to the 
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Y centre (ground ниш 

icy ; i itterentiati 
4. Pericycle a zone of parenchyma without di £ 

e and sclerenchyma into distinct tissues. 
5. Medullary Ray a strip of parenchyma іп пог marked ош. 

between vascular bundles 

6. Pith the central cylinder not marked out. 
7. Vascular Bundles 


(а) collateral and open 


collateral and closed. 
(5) arranged in a ring 


scattered. тиге 
(c) of uniform size larger towards the СЄ 
(d) phloem parenchyma it is absent. 


present 
(e) usually wedge-shaped 


usually oval. 
(f) bundle sheath absent 


strongly developed. 
2. Flowering Stem (Scape) of Canna (fig. 48). A thin trans 
verse section stained 


with safranin shows the following 
internal structure under a microscope. 

(1) Epidermis. This is the single outermost layer of vey 
small, polygonal cells flattened tangentially, Its outer ма 
are cutinized. 


~ CORTEX 


в 

RE — cHLoRoPHYLLOU 
TISSUE 

SCLERENCHYHA 


—amRouwp TISSUË 


—BuNDLE SHCATM 


—PHLOEM 


t 
—srouno 188” 


vou т | 


Fic" dae kis mee (Scape) of Canna (a sector) in transection 


=s 
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polygonal cells, (b) ehlorophyllous tissue consisting of one 
or two layers of chloroplast-bearing cells, intruding inwards 
here and there, (c) several patches of sclerenchyma of 
different sizes, lying against the chlorophyllous tissue, and 
(d) ground tissue consisting of a continuous mass of large. 
thin-walled, parenchymatous cells, containing starch grains 
and enclosing numerous jntercellular spaces between them. 

(3) Vascular Bundles. These are numerous and of different 
sizes, lying scattered in the ground tissue. Each bundle is 
collateral and closed. It is incompletely surrounded by a 
sheath of sclerenchyma (bundle sheath), with a distinct patch 
of it on the outer side in the form of a cap, and a thin strip 
on the inner side; seldom is a regular and complete sheath 
formed encircling the vascular bundle, Each bundle consists 
of (a) xylefn on the inner side, and (b) phloem on the outer. 
Xylem consists of a large prominent spiral vessel, often with 
one or two smaller ones, also spiral in nature, lying usually 
on its outer side, and some parenchyma. Phloem consists 
of sieve-tubes and companion cells. 


CHAPTER 5 Anatomy of Roots 


DICOTYLEDONOUS ROOTS 

l. Young Gram Root (fig. 49). A thin transverse section 
stained with safranin shows the following internal structure 
under a microscope. 

(1) Epiblema or Piliferous Layer. This is a single outer- 
most laver of thin-walled cells; the outer walls of most of 
these cells extend outwards and form unicellular root-hairs. 
This layer is used for absorption of water and various 
mineral salts from the soil and, therefore, has no cuticle. 
Root-hairs increase the absorbing surface of the root. 

(2) Cortex. This consists of many layers of thin-walled 
rounded cells, with numerous intercellular spaces between 
them. The cells of the cortex contain leucoplasts and store 


starch grains. 

(3) Endodermis. This is a single ring-like layer of barrel- 
shaped cells which are closely packed without intercellular 
spaces. The radial walls of this layer are often thickened, 
and sometimes this thickening extends to the inner walls 
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also. The endodermis is the innermost layer of the cortex 
and surrounds the stele as a cylinder. 


CORTEX 


ENDODERMIS 
PERICYCLE 
CONJUNCTIVE TISSUE 


PROTOXYLEM 
METAXYLEM 


PHLOEM 


PITH 


FIG, 49. 


Young Bram root in transection, 


Hu Perieyele. This lies internal to the endodermis an 
like it, is a Single ring-like layer; its cells however, are muc 
smaller and thinner-walled. but with abundant protoplas™: 
5) Conjunctive Tissue. The parenchyma lying in betwee 

xylem and phloem bundles Constitutes the conjunctive tissue 
his occupies only a small area in the centre " 
3€ pith is nearly obliterated, owing 

ng in the centre. ip 
8. These are arranged in a ring, 4° E 
em, but here xylem and phloem for? 
bundles, and their arrangem* 
© number of xylem or phloé 


the wood vess 

(7) Vascular Bundle 
the dicotyledonous st 
an equal number of s 
is radial (see P. 202). Th 


t 


appearance. Phloem bund} 


: © consists of sieve-tubes, CO 
panion cells and phloem par 


155 
€nchyma, Xylem bundle cons? 
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of protoxylem which lies towards the circumference abutting 
on the pericycle, and metaxylem towards the centre. Xylem 
is exarch in roots, and its development is centripetai. Proto- 
xylem is composed of small vessels (annular and spiral) and 
metaxylem of bigger vessels (reticulate and pitted). The 
metaxylem groups often meet in the centre, and then the 
pith gets broken. 

2. Young Buttercup (Ranunculus) Root (fig. 50) (1) 
Epiblema—the single outermost layer. (2) Exedermis—a 
few layers internal to the epiblema, representing the outer 
zone of the cortex. (3) Cortex—several layers of rounded 


g. ENDODERM!S 
P, PASSAGE CFLL 


—PERICYCLE 


4- — PROCOXYLEM 
MESAXYLEM 
PHLOEM 


ric. 50. Young Ranunculus root їп transection 


or oval cells, leaving a lot of intercellular spaces between 
rmis—a distinct layer of thick-walled celis, 


them. (4) Endode 
representing the inner zone of the cortex; passage cells, 
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however, are thin-walled and mostly lie against the proto- 


xylem. (5) Perieyele—a single layer of small and thin-walled 


cells, lying internal to the endodermis. (6) Conjunctive 
tissue—the Parenchyma i 


n between Xylem and phloem. 
(7) Vascular bundles—radial, with 4 or 5 xylem bundles and 


fig. 51). A thi 


n transverse section stained 
eals the follow 


i ing internal structure under 
a microscope. 


ROOT-HAIR 


EPIBLEMA 


CORTEX 


ENDODERMIS 
PERICYCLE 


XYLEM 


PHLOEM 


PITH 


FIG. 5]. 


j : 
Amaryllis тоо In transection 
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(1) Epiblima or Piliferous Layer. This is the single outer- 
most layer with a number of unicellular root-hairs. 

(2) Cortex. This is a many-layered zone of rounded or 
oval cells with intercellular spaces between them. 

(3) Endodermis. This is the innermost layer of the cortex 
and forms a definite ring around the stele. Radial walls and 
often the inner walls of the endodermis are considerably 
thickened. Cells of the endodermis are barrel-shaped. 

(4) Pericycle. This is the ring-like layer lying internal to 
the endodermis. Its cells are very small and thin-walled, 
but contain abundant protoplasm. 

(5) Conjunctive Tissue. The parenchyma in between the 
xylem and phloem bundles is known as the conjunctive tissue. 

(6) Pith. The mass of parenchymatous cells in and around 
the centre is the pith. It is well developed in most mono- 
cotyledonous roots. In some cases the pith becomes thick- 
walled and lignified. 

(7) Vascular Bundles. Xylem and phloem form an equal 
number of separate bundles, and they are arranged in a ring. 
The arrangement is radial (see p. 202). Bundles are numer- 
ous. It is only in exceptional cases that they are limited in 
number. Phloem bundle consists of sieve-tubes, companion 
cells and phloem parenchyma, Xylem bundle consists of 
protoxylem which lies abutting on the pericycle, and meta- 
xvlem towards the centre. Xylem is said to be exarch, and 
its development is centripetal. Protoxylem consists of 
annular and spiral vessels, and metaxylem of reticulate and 


pitted vessels. 


Differences between Dicotyledonous and Monocotyledonous Roots 
Dicotyledonous root Monocotyledonous root 


vary from 2 to 6, rarely numerous, rarely a 


1. Xylem bundles RA ted number: 
2. Pith small or absent large and well developed. 
3. Pericycle gives rise to lateral gives rise to lateral roots 
i 7 roots, cambium and only. 
cork-cambium 
AO CADIT appears later altogether absent. 


oots (fig. 52). Lateral roots originate 
hey are said to be endogenous. The 
i er is the pericycle. The cells of the pericycle 
lying zd the БЕКЕН ГЕ begin to divide tangentially, 
and a few layers are thus cut off. They push the endodermis 


Origin of Lateral R 
from an inner layer; 50 t 
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outwards and tend to grow through the cortex. At this stage 
the three regions of the root-apex, namely, dermatogen (oF 


FIG. 52. 
Origin of a 
lateral root. 
4, B and C 
are stages in 
its formation 
from the pericycle. $ 


€ cells of the cortex form a 
ut as the root passes through the soil 
7* off, and the root-cap is renewed by 


part of the root-cap, b 
this portion soon wea 
the calyptrogen. 
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SCLERENCHYMA 
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FIG. 53, А dorsiventra] Je 
the lower. This unequal illumination induces a difference 
in the internal structure b 


af in section, 


etween the upper and the lower 


H i Т 
Tight angle to one of the bigg¢ 
internal structure, 


sides. A section made at 4 
veins reveals the following 
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(1) Upper Epidermis. This is a single layer of cells with a 
thick cuticle which checks excessive evaporation of water 
from the surface. It does not contain chloroplasts. Stomata 
are also usually absent. 

(2) Lower Epidermis. This is also a single layer but with 
a thin cuticle. It is, however, interspersed with numerous 
stomata, the two guard cells of which contain some chloro- 
plasts; none are present in the epidermal cells. Internal to 
each stoma a large cavity, known as the respiratory cavity, 
may be seen. The lower epidermis of the leaf is meant for 
the exchange of gases (oxygen and carbon dioxide) between 
the atmosphere and the plant body. Excess water also 
evaporates from the plant body mainly through the lower 
epidermis. 

(3) Mesophyll. The ground tissue lying between the upper 
epidermis and the lower one is known as the mesophyll. Tt 
is differentiated into (a) palisade parenchyma and (b) spongy 
parenchyma. 

(a) Palisade parenchyma consists of usually one to two or 
three layers of elongated, more or less cylindrical cells, 
closely packed with their long axes at right angles to the 
epidermis. The cells contain numerous chloroplasts and 
manufacture sugar and starch in the presence of sunlight. 

(b) Spongy parenchyma consists of oval, rounded, or 
more commonly irregular cells, loosely arranged towards the 
lower epidermis, enclosing numerous, large, intercellular 
spaces and air-cavities. They, however, fit closely around the 
vein or the vascular bundle. The cells contain a few chloro- 
plasts. Spongy cells help diffusion of gases through the empty 
spaces left between them; they manufacture sugar and starch 


to some extent only. 
(4) Vaseular Bun 
sists of xylem towa 


dles. Each vascular bundle (vein) con- 
rds the upper epidermis and phloem 
towards the lower. Xylem consists of various kinds of vessels 
(particularly annular and spiral), tracheids, wood fibres and 
wood parenchyma. Xylem conducts and distributes the 
water and the raw food material to different parts of the 
leaf-blade. Phloem consists of some narrow sieve-tubes, 
companion cells and phloem parenchyma. Phloem carries 
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the prepared food materi 
and storage regions. 


Surrounding cach vascular 
of thin-walled cells, containi 


al from the leaf-blade to the growing 


bundle there is a compact layer 
ng a few chloroplasts or none 
at all; this layer is known as the border parenchyma or 


bundle sheath. It may extend radially towards the upper 
and the lower sides. 


). An isobilateral leaf (see p. 58) 
minated on both sides. A section 


or more veins reveals the following 
internal structure, 
The structure is more or less uniform from one surface to 
the other. Th 


€ epidermis on ej 
an equal number of stomata, an 
thickened and cutinized. The 


BORDER PARENCHYMA 


ther side bears more or less 
d is also Somewhat uniformly 
mesophyll is often not differen- 


RESPIRATORY CAVITY 
STOMA 
FIG. 54, 


An isobilateral teat (a lily leat) in section, 
tiated into palisade and SPOngy parenchyma, but consists 
of spongy cells only, in which chloroplasts are evenly 
distributed, 
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CHAPTER 7 Secondary Growth in Thickness 

1. Dicotyledonous Stem. In sturdy herbs and in all shrubs 
and trees secondary growth takes place as a result of the 
formation of new (secondary) tissues in them. Secondary 
tissues are formed by two meristems—cambium in the stelar 
region and cork-cambium formed later in the extra-stelar 
or cortical region. The ‘increase in thickness due to the 
addition of secondary tissues cut off by the cambium and 
the cork-cambium in the stelar and extra-stela* regions 
respectively is spoken of as secondary growth. 


A. ACTIVITY OF THE CAMBIUM 


Cambium Ring. At first a portion of each medullary ray in 
a line with the cambium becomes meristematic and forms a 
strip of cambium called the interfascicular cambium, This 
joins on to thc cambium proper on either side and forms a 
complete ring known as the cambium ring (fig. 55). Second- 


PRIMARY 
PHLOEM 


CAMBIUM 
(PASCICULAR) 


PRIMARY 
XYLEM 


Fic, 55. Formation of cambium ring 


ary growth begins with the activity of this cambium ring. 
Secondary Tissues. The cambium ring as a whole begins to 
cut off new cells both externally and internally. Those cut 
off on the outer side are gradually modified into the elements 
of phloem; these constitute the secondary phloem. The 
secondary phloem consists of sieve-tubes, companion cells 
and phloem parenchyma and often also some bands or 
patches of bast fibres. Many of the textile. fibres of com- 
merce such as jute, hemp, flax, rhea (or ramie), etc., are the 
bast fibres of secondary phloem. i 
The new cells cut off by the cambium оп its inner side 
are gradually modified into the various clements of xylem; 
these constitute the secondary xylem, The secondary xylem 
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wood parenchyma. Th 
the inner side than on the o 


mbium forms some narrow bands 
across the stem in the radial direc- 
tion through the secondary xylem and the secondary phloem; 
these are the secondary medullary rays. They are one, two 
Or a few layers in thickness, and one to many layers in 


Annual Rings (fi 
creases or decreas: 


с. 56. Secondary Browth in stem. 
4, cut surface of a stem showing 
annual rings; Ш 


B, transection of з stem showing 
an annual ring (magnified), 


bium becomes more active and forms a greater number of 
vessels with wider cavities (j 


; SS (arge pitted vessels); while 1° 
winter it becomes less active and forms elements of narrower 
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dimensions (narrow pitted vessels, tracheids and wood 
fibres). The wood thus formed in the spring is called the 
spring wood or early wood, and that formed in winter is 
called the autumn wood or late wood (fig. 56B). These two 
kinds of wood appear together as a concentric ring known 
as the annual ring or growth ring, as seen in transcction of 
the stem, and successive annual rings are formed year 
after year by the activity of the cambium. Annual rings аге" 
readily seen with the naked eye in the logs of a tree trunk, 
as in pine and many other timber trees (fig. 56A). Each 
annual ring corresponds to one year's growth, and there- 
fore, by counting the total number of annual rings the age 
of the plant can be approximately determined. 


Heart-wood and Sap-wood. In old trees the greater part ot 
the secondary wood is filled up with tannins, resins, gums, 
essential oils, etc, which make it hard and durable. This 
region is known as the heart-wood or duramen. It looks dark 
or brown. The heart-wood does no longer conduct water, 
but it simply gives mechanical support to the stem. The 
outer region of the secondary wood which is of lighter colour 
is known as the sap-wood or alburnum, and this alone is 
used for conduction of water and salt solutions. from the 


root to the leaf. 


B. ORIGIN AND ACTIVITY OF THE 
GORK-CAMBIUM 


Sooner or later another meristematic tissue, ie. the cork- 
cambium (or phellogen), makes its appearance in the cortical 
Commonly it originates in the oute: layer of collen- 
chyma. It may also arise in the epidermis itself, or in the 
deeper layers of the cortex. It is a few layers in thickness 
and consists of narrow, thin-walled and roughly rectangular 
cells. It begins to divide and give off new cells on both sides 
сог on the outer side and secondary cortex on the inner 
The cells of the secondary cortex are parenchymatous in 
d often contain chloroplasts. 


Cork. The new cells cut off by the cork-cambium on its 
outer side are roughly rectangular in shape and soon become 
suberized. They form the cork of the plant. Cork cells are 
dead, suberized and thick-walled, and are arranged in a few 


region. 


nature ап 


cambium constitute the bark of the plant. It, therefore, in- 
cludes the epidermis, lenticels and Cork, and sometimes also 
hypodermis and a portion of the Cortex, depending on the 
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position of the cork-cambium, that is, the deeper the origi? 
of the cork-cambium, the thicker the bark. 


ee ne € 
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When the cork-cambium appears in the form of a com- 
plete ring the bark 
that is formed comes 
away in a sheet; such 
a bark is known as 
the ring-bark, as in 
Betula (B. BHURJJA- 
PATRA); and when it 
appears in strips the 
resulting bark comes ric, 58. A lenticel, as seen in transection. 
away in the form of 
scales; such a bark is. therefore, known as the scale-bark, 
as in guava and pine. The function of the bark is to give 
protection (see p. 228). 


Lenticels (fig. 58). These are aerating pores formed in the 
bark, through which exchange of gases takes place. Ex- 
ternally they appear as scars or small protrusions on the 
surface of the stem. A section through one of the scars 
shows that the lenticel consists of a ‘loose mass of small 
thin-walled cells (complementary cells). 


2. Dicotyledonous Root. As in the stem the secondary 
growth in thickness of the root is due to the addition of new 
tissues cut off by the cambium and the cork-cambium in the 
interior as well as in the peripheral region. In the root the 
secondary growth commences a few centimetres behind the 


apex. 
A. ORIGIN AND ACTIVITY OF THE CAMBIUM 


At first the conjunctive tissue on the inner side of phloem 
becomes meristematic and gives origin to a strip of cambium 
(fig. 59). "The cambium then extends outwards between 
phloem and xylem. Then the portion of the pericycle just 
outside the protoxylem becomes meristematic; it divides and 
forms a strip of cambium there, joining with the earlier- 
formed cambium strips on either side of the xylem. Thus a 
continuous wavy band of eambium is formed, extending over 
the xylem and down the phloem. The secondary growth then 
commences with the activity of this cambium band. The 
portion of the cambium adjoining the inner phloem becomes 


15 
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active first. It begins 
to cut off new cells 
more profusely ОП 
the inside. As а Fe 
sult the cambium 
and: the phloem are 
gradually pushed 
outwards. The wavy 
band of cambium 
soon becomes circu 
lar or ring-like (fig: 
60). "The whole of 
the cambium ring 
then becomes attive 
more so on the 1” 
ner side than on thé 
FIC. 59. Secor outer. 
root ny ja SENE 3 cot ledonois Secondary Xyl em 
екетн ШШ The new cells cut 
off by the cambiu™ 
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Secondary Phloem. The new elements cut off by the cam- 


bium on the outer side become i 
gradually modified int 

elements of phloem, and all these together EUER s 
secondary phloem. It consists of sieve-tubes with companion 
cells and abundant parenchyma, but less bast fibres (except 
in special cases). The sécondary phloem is much TORO 
than the 1 і 

m secondary xylem. The primary phloem soon gets 


PRIMARY SECONDARY PHLOEM 


CAM Se 
вшм "e 


b, O, 
Ce, A, 
Ar 4 


9 AN 


Fic. 60, Secondary growth of a dicotyledonous root (later stage) showing 
the activity of the cambium ring with the formation of secondary xylem and 
secondary phloem, 
B. ORIGIN AND ACTIVITY OF THE 
CORK-CAMBIUM 

When the secondary growth has advanced to some extent, the 
single-layered pericycle as a whole becomes meristematic . 
and divides into a few rows of thin-walled, roughly rectan- 
gular cells; these constitute the cork-cambium or phellogen. 
As in the stem, it produces a few brownish layers of cork on 
the outside, and secondary cortex on the inside. The secon- 
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dary cortex of the root does not contain chloroplasts. The 
bark of the root is not extensive; it forms only a thin cover- 
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Secondary growth of à dicotyledonous root. 


ing. The cortex. 


bei n 
15 also the fate of ng thin-walled, gets disorganized. 908 


the endodermis. Epiblema dies out car lich 
developed, as in the 86 


iye 
- and bark are protec? 


óT 


: Ve 
es. Both are much 119, 


(1) Cork. (a) 
cork acts as a w 


empty, containing air only, ar 


being so, a sudden variation in outside temperature do€* 


— e 2 
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affect.the internal tissues of the plant. (d) Cork is also made 
use of by the plaut for the healing of wounds, 

(2) Bark. Since bark is a mass of dead tissues lying exter- 
nally as a hard dry covering, its function is protection, It 
protects the inner tissues against the attack of fungi and 
insects, against loss of water by evaporation, and against 
variation of external temperature. 


PART Ш PHYSIOLOGY 
— ——— M—nP ER UuaD 
General Considerations 


Physiology deals with the various functions of life, suc 
the construction of food, nutrition of the protoplasm, bui 


CHAPTER] 


activity of the Protoplasm the Primary requirements а7© 

water, air, food, heat and light. 

Water. Water is indispensab] 
d act 


, manifol 


dilute Solution; soluble food travels 
in the plant through the 


ir. Fo 
furnishes the necessary mater; Zom ше 5 d i$ 
Fer s Ba aterials for body-building an 


perature, the greater the 
rally speaking, the maxim 
Бе 45-50°C., with the opti 
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Light. Sunlight is the original source of energy and has a 
stimulating effect on growth; it makes the plant sturdy. It 
is not, however, essential in the early stages of growth. Light 
is an important factor responsible for green colouration of 
the plant, utilization of carbon dioxide of the air, and 
manufacture of sugar and starch. It is also responsible for 
some kinds of movement in plant organs. 


CHAPTER 2 Soils 
Since water and mineral salts are almost exclusively obtained 
from the soil for their utilization later in the plant body, 
a knowledge of soil science in different aspects is an essen- 
tial prerequisite to the study of plant physiology. 


Soil Formation. Soils are formed by the disintegration and 
decomposition of rocks due to weathering (attion of rain- 
water, running streams, glaciers, wind, alternate high and 
low temperatures, etc.) and the action of soil órganisms such 
as many bacteria, fungi, protozoa, earthworms, etc., and also 
interactions of various chemical substances present in the 
soil. Although soils are normally formed from underlying 
rocks in a particular region, they may be transported long 
distances by agencies such as rivers, glaciers, strong winds, 
etc. 


Physical Nature. Physically the soil is a mixture of mineral 
particles of varying sizes—coarse and fine—of different 
degrees, some angular and others rounded, with a certain 
amount of decaying organic mattet in it. The soil has been 
graded into the following types according to the size of the 
particles: 

... 2--2mm. form coarse sand 
Smaller particles ... -2--02 mm. form sand 

finer ра чав ... -02- -002 mm. form silt 

Very fine particles -- less than -002 mm. form clay 


Coarse particles 


Types of Soil and their Properties. (1) Sandy soil contains 
more or less 60% of sand particles with a small proportion 
of clay and silt, usually not exceeding 10% of each. It is 
well aerated, being very porous; but as it allows easy per- 
colation of water through the large pore spaces, it quickly 
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re 
à З sa 
sm the primary requirement 
water, air, 


food, heat and light, 
Water. 


Water is indis 
manifold acti 


: 6 
Air, Air is another necessity of the Plant. Of the ga i 
Present in the air the plant Normally utilizes only ox ee 
| i * Plant require; oxygen for resp! 
Чоп and carbon ду; 9r manufacture of food. T 
Р rotoplasm also Tequires food for its nutrition. т 
Hee Primary importance to all living organisms; but Ч 
like animals, plants many acture their own food from Aun 
food materials water and inorganic salts absorbed #0 
the soil, and carbon ioxide absorbed from the nin, FO 


: is 
furnishes the Necessary Materials for body-building and ' 
the source of energy, 


Heat. A certain amount of 


А ат the 
ad : eat is Necessary to maintain 
activity of the Protoplasm 

carried on by ‘it. Withi 
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Light. Sunlight is the original source of energy and has a 
stimulating effect on growth; it makes the plant sturdy. 11 
is not, however, essential in the early stages of growth. Light 
is an important factor responsible for green colouration of 
the plant, utilization of carbon dioxide of th& air, and 
manufacture of sugar and starch. It is also responsible for 
some kinds of movement in plant organs. 


CHAPTER 2 Soils 
Since water and mineral salts are almost exclusively obtained 
from the soil for their utilization later in the plant body, 
a knowledge of soil science in different aspects is an essen- 
tial prerequisite to the study of plant physiology. 


Soil Formation. Soils are formed by the disintegration and 
decomposition of rocks due to weathering (attion of rain- 
water, running streams, glaciers, wind, alternate high and 
low temperatures, etc.) and the action of soil órganisms such 
as many bacteria, fungi, protozoa, earthworms, etc., and also 
interactions of various chemical substances present in the 
soil. Although soils are normally formed from underlying 
rocks in a particular region, they may be transported long 
distances by agencies such as rivers, glaciers, strong winds, 
etc. 

Physical Nature. Physically the soil is a mixture of mineral 
particles of varying sizes—coarse and fine—of different 
degrees, some angular and others rounded, with a certain 
amount of decaying organic matter in it. The soil has been 
graded into the following types according to the size of the 
Particles: 

... 2--2mm. form coarse sand 
Smaller particles — --- -2--02 mm. form sand 

Finer particles ... :02- -002 mm. form silt 

Very fine particles --- less than -002 mm. form clay 


Coarse particles 


Types of Soil and their Properties. (1) Sandy soil contains 
more or less 60% of sand particles with a small proportion 
of clay and silt, usually net exceeding 10% of each. It is 
well aerated, being very porous; but as it allows easy per- 
colation of water through the large pore spaces, it quickly 


RT Ш! 
232 A CLASS-BOOK OF BOTANY PA 


dries up aud often remains dry. This soil is ipee ied 
and has no cohesive power. Capillarity decreases in this 
and it can hold only 4 
saturated. It contains very little plant food, It can, M. i 
ever, be improved by the addition of clay, lime or hum 
Being loose and porous 
growth but is not suitable for subse 
' soil contains over 50% 
heavy, It easily becomes 
Drainage is difficult, 
hard and often cracks when dry, but becomes soft an 
sticky when wet, Capill 
soil, and it has a great 
more of its own weig d 
soil always contains ? considerable amount of plant {000 
but the root cannot easily penetrate it, The addition of 
lime or sand improves it and makes it suitable for n9! 
mal plant growth. (3) Loam contains 30-50% of silt and 4 
“pali anióunt of clay (5-95 0), the rest being sand. lt ie 
the best soil for vigorous Plant growth and is most suitab 
e agricultura] crops because all the important physica 
conditions are satisfied porosity for proper aeration an 
for Percolation (dow WOE exce water, an 


“pillarity for upw nt of sub-soil water, It ca” 


j imately 
€ soil can be approx н ' 
Soil in a beaker to which ап € ring 
Pouring the contents into a mee aie 
s edito seite; it. ig) ерды that e 
$ d Й 1 € 
at the bottom, silt higher up, and clay on the Lops ti din 
Clay, however, remains suspende t | 
3 ed and percentages calcula 
er, 


Qlinder. Wher 
particles collect 
distinct layers, 

water. Their Proportions ar 
Humus mostly floats’ on wa 


There are other kinds of soils also. (1) Caleareous ү | 
contains over 2097, of calcium Carbonate which is useful v 
neutralizing organic acids lormed from humus, It is E | 
monly whitish in colour, (2) Laterite soil contains à В | 
percentage of iron and aluminium Oxides, It is red à 
brownish or yellowish in colour, (3) Peat soil contain 
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high percentage (even up to 80% or 90%) of humus. It is 
dark in colour, porous and light. The floating garden of 
Kashmir is made of peat soil. К 


Soil Water and Soil Air. Ordinarily two-thirds of the pore 
space occupied by water and one-third occupied by air are 
found to be suitable for normal growth of most crop plants. 
An excess of water in the soil chokes its pore space and is, 
therefore, harmful to plants. Conversely a very low percent- 
age of water in the soil results in the wilting of plants. The 
water loosely held by the small soil particles by capillary 
force, with mineral salts dissolved in it, is the water absorbed 
by the root-hairs. 


Water Content of the Soil. To find out the water content of the soil the 
following procedure may be adopted. Collect from a depth of 0.3-1 m. a 
small sample of soil by digging the earth, and keep it ina stoppered jar. 
Take out a small lump from it and weigh it. Heat it at 100°C. for a 

ionally. All the water will be driven out by 


while, stirring the mass occas water 
then, After cooling take the weight of the soil again. To make sure that 


all the water has been driven out, heat the same soil over again. A con- 
stant weight of the soil will indicate the loss of all the water from it. 
The difference in weight is the quantity of water originally present in the 
soil. Then calculate the water content on a percentage basis, 


Chemical Nature. Chemically the soil contains a variety of 
inorganic salts such as nitrates, sulphates, phosphates, chlo- 
rides, carbonates, etc. of potassium (К), calcium (Са), magne- 
sium (Mg), sodium (Na) and iron (Fe) and of the trace 
elements like boron (B), manganese (Mn), copper (Cu), zinc 
(Zn), aluminium (Al), molybdenum (Mo), etc. A certain 
amount of organic compounds, chiefly proteins and their 
decomposition products, are also present in the soil. Humus 
(see p. 234) is also present in many soils as a source of organic 
food, Acidity or alkalinity of the soil is no less important for 

ailability of plant food in the soil. 


lant growth than the av | i 
Soil ША a high amount of lime (calcium carbonate) 
are alkaline, and soils containing a high quantity of humus 
are acid. These conditions can, however be altered by the 


addition of one or the other, as the case may be. Most of the 
field crops prefer a slightly acid soil. The acid or alkaline 
nature of the soil may be tested by special chemical indi- 
cators. The soil containing a certain amount of lime (cal- 
cium carbonate) is said to be calcareous soil. The presence 


of calcium carbonate in such a soil can be detected by add- 
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Fi n 
ing strong hydrochloric acid to a small sample of it whe 


j WE 5 ‚ ог 
effervescence is noticed in it either with the naked eye 
under pocket lens. 


Humus. Humus is the decomposed vegetable matter formed 
in the. soil from dead roots, trunks, branches and leaves Е. 
der the action of soil bacteria and fungi. It forms a dar à 
coloured surface layer on the ground, often occurring. x 
some depth in forests and swamps. It is very useful рога 
physically апа chemically. It is rich in plant food, partt 
cularly nitrogen. Humus absorbs and retains water to а 


considerable extent (about 190 parts of its own weight). 
Added to sandy soil it 


increases its water-holding capacity» 
and added to clay soi] it loosens its compactness and makes 
it porous for better aeration. Soil containing 5-15% of 
humus is suitable for 


f agricultural crops, [t is mostly the 
seat of bacterial activities in the soil, 
Humus Content of the Soil (ignition meth 
soil at 100°C, i 


weight. 7 


; ; 7 n the soil. Func; abut 
dant in the soil, particularly ; Bape) аге азо abt 


CHEMICAL COMPOSITION OF THE PLANT 235 


useful agents in altering the soil. Ihe burrowing animals 
make the soil loose for better aeration and percolation of 


water. 


Fertilizers. Ordinarily the soil contains the necessary salts 
required by plants, In the cultivated soil, however, deficiency 
occurs in one or more of them, particularly in nitrogen, 
phosphorus, potassium and calcium, and. to make good this 
deficiency the use of chemical fertilizers and manures be- 
comes a necessity. Fertilizers are certain chemical substances 
which when properly added to the soil make it fertile, ice. 
enable it to produce more abundantly. Manyring the field 
for better crop production may be done by any of the follow- 
ing three methods: (1) Artificial manuring is done by intro- 
ducing into the soi! certain chemical fertilizer’ such as ammo- 
nium sulphate, ammonium nitrate, superphosphate, , urea, 
leaf compost, bonemeal, oil-cakes, etc., in suitable propor- 
d in this connection that the Ferti- 


A. Physiology of nutrition 

Physiology ma (or chemical physiology) 

be ridi ae, B. Physiology of growth and movements 
C. Physiology of reproduciion 


A. PHYSIOLOGY OF NUTRITION 


ee a oe 
CHAPTER 3 Chemical Composition 
of the Plant 

The various elements that have entered into the composi- 
tion of the plant body may be determined by chemical 
analyses, and those essentially required by the plant for its 
normal growth determined by water culture experiments, 
1. Chemical Analyses. Chemical analyses of different plants 
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have so far revealed the presence of a long list one IM 
over 40—in them, occurring of course in varying p s 
tions. Of these, the following elements have been ори 
be constantly present іп all plants. Analyses of the org (С), 
compounds as a whole show the presence of xc lios! 
hydrogen (H), oxygen (O), nitrogen (N), sulphur (S) and p 


i ; ese 
known as 'trace' elements such as boron (В), mangan 


(Mn), Zinc (Zn), Copper (Cu) and molybdenum (Mo). A 
minium (Al), though not COnstant, is very widespread ! 
plants. 


tioned above are essential, j 
normal growth, (5) which a 


plants only incidentally, and (c) which are ‘trace’ elements 
ie. required i 


5 in water containing some 
Portions, known as no he 
т : ов, and studying the effect produced on t ү 
seedlings with regard to growth and development. А stan 
dard solution Worked out by Knop, known as Knop's norm 


à f 
i > 15 as follows, Minute doses of salts 0 
‘trace’ elements are also to be added, 


Potassium nitrate, KN O, 


1 £ ts 
pike i 9r atr). Water culture experimen 
joo 1n growing some seedling: 


icular pro 


Acid potassium sulphate, KH,PO, | pa. 
Magnesium sulphate. Mgso, vet l gm. 
Calcium nitrate, Ca (NO), -.. 4 gms. 
Ferric chloride solution, FeCl, -. a few drop? 
Water pA 000 ee: 


This is a stock solution of 0.7%, strength. Fo make а 0.1% 
solution which is suitable fo 


; t$ 
T Water culture experimen 
add 6,000 c.c. of water to the stock solution. 
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Experiment 1. Water culture experiments. A series of bottles or jars of 
the same size and shape, marked respectively 4, B, C, D, etc., and each 
fitted. with à split cork, an appropriate number of seedlings of the same 
kind and more or less of the. same size, and culture solutions of known 
composition ate required for these experiments. ‘Phrough the split cork 
a seedling is introduced into cach bottle. The bottles are wrapped with 
black paper and exposed to light. Arrangements should be made for pro- 
per aeration of the roots, It is desirable that the culture solution should 
be renewed fortnightly, Later the following observations are made И 
/ In bottle 4 (with normal culture solution) the growth of the ‘seedling 
is normal. In bottle B (the same minus potassium: salts) the growth be- 
comes checked and leaves lose their colour. In bottle C (the same minus 
calcium salts) roots do not develop properly and leaves become yellowish 
spotted and deformed, In bottle D (the same minus magnesium salis) 
chlorophyll does not develop and the seedling is stunted in growth, In 
bottle E (the same minus iron salts) the seedling becomes chlorotic. In 
bottle F (the same minus nitrogen compounds) the seedling is weak and 
straggling, and leaves yellowish. 
Inference. The inference that may be finally drawn from the water 
culture experiments is that the following elements in suitable soluble com- 
pounds are essential for normal growth of a plant: K, Ca, Mg, Fe among 


metals, Н, О, N, 5, P 
among non-metals, and der- 
tain ‘trace’ elements, e.g. 
Mn, Zn, Cu, Mo and B, 
making a total of 15 ele- 
ments including C; that 
free oxygen and carbon 
dioxide are obtained from 
the air (and not from the 
soil); that free nitrogen 
of the air is of no use to 
the plant. 


Sand Culture Experi- 
ments. To obviate many 
difficulties in water culture 
experiments it has become 
the growing practice with 
scientists to take to sand or 
charcoal culture, Charcoal 
is thoroughly washed and 
powdered. In the case of 
sand, it is washed, dried 
and then ignited to remove 
organic impurities. Nor- 
mal culture solution 15 
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Kn an a The effect in normal solution; right, in the same 
Ped. the: seedling minus one of the essential elements. 
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under the exclusion of à particular elem 
in water culture experiments. 
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have so far revealed the presence of a lon: 
over 40—in them, occu 


tions. Of these, the foll 


g list of elements— 
tring of course in varying propor- 
owing elements have been found to 
be constantly present in all plants. Analyses of the organic 
compounds as a whole show. the presence of carbon (C), 
hydrogen (H), oxygen (O), nitrogen (N), sulphur (S) and phos- 
phorus (P). Analyses of the ash show the Presence of potas- 
slum (К), calcium (Ca), magnesium (Mg), iron (Fe) and 
sodium (Na) among the metals, and sulphur (5), -phospho- 
rus (P), chlorine (Cl) and silicon (Si) among the non- 
metals, and also certain other elements į 

known as ‘trace’ element 
(Mn), Zinc (Zn), Copper (Cu) and mo 
minium (AI) 
plants. 


» manganese 
olybdenum (Mo). Alu- 
18 Very widespread in 


tioned above are essential, ie. те uired b г i 
normal growth, (b) which Ao q „ЭУ plants for their 


3€ experiments also 


ter containin some 
cular Proportions, nown as noka] 
seedlings with Tegard 


R anı 
dard solution worked out by Kno development, A stan- 
culture solution 


f ; in 
trace’ elements are also to be addeq а 
Potassium nitrate, KNO 


Acid potassium sul E = l gm. 
Макыш sulphate, Mg HPO, ++ l gm. 
Calcium nitrate, Ca 4 = l gm. 
Ferric chloride solution, гесу ^. 4 gms, 
Water t 1- а few drops 
This is a stock solution of 0.76; ee S 1,000 c.c, 
solution which is suitable f mh Dgth. Fo make a 0,1% 
add 6,000 с.с. of water to the stock sola aate €Xperiments 
on. 


Se 


Mn, Zn, Cu, Mo and В, 
making a total of 15 ele- 


, fal culture solution 
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Experiment 1. Water culture experiments. A series of bottles or jars of 
the same size and shape, marked respectively A, B, C, D, eic., and each 
fitted. with à split cork, an appropriate number of seedlings of the same 

and culture solutions of known 


kind and more or less of the. same size, 
composition are required for these experiments. ‘Phrough the split cork 
a seedling is introduced into cach bottle. The bottles are wrapped with 
black paper and exposed to light. Arrangements should be made for pro- 
per aeration of the roots. It is desirable that the culture solution should 
be renewed fortnightly, Later the following observations are made. : 
. In bottle 4 (with normal culture solution) the growth of the seedling 
is normal. In bottle B (the same minus potassium salts) the growth be- 
ir colour. In bottle С (the same minus 
Calcium salts) roots do not develop properly and leaves become yellowish, 


spotted and deformed. In boule D (the / р 
chlorophyll does not develop and the seedling is stunted in growth, In 
bottle E (the same minus iron salts) the seedling becomes chlorotic. In 
bottle F (the same minus nitrogen compounds) the seedling is weak and 
Straggling, and leaves yellowish. 

Inference. ‘The inference that may be finally drawn from the water 
culture experiments is that the following elements 1n suitable soluble com- 
Pounds are essential for normal growth of a plant: K, Ca, Mg, Fe among 
metal, H, О, N, S, Р 
among non-metals, and der- 
tain ‘trace’ elements, e.g. 


ments including C; that 
free oxygen and carbon 
dioxide are obtained from 
the air (and nor from the 
Soil); that free nitrogen 
of the air is of no use to 
the plant, 


Sand Culture Experi- 
ments. To obviate many 
difficulties in water culture 
€xperiments it has become 
the growing practice with 
Scientists to take to sand OT 
Charcoal culture, Charcoal 
15 thoroughly washed and 
Powdered. In the case of 
sand, it is washed, dried 
and then ignited to remove 
Organic impurities, Nor- 

is 


riments; left, 


added to any of the two 
Media and growth of the 
Scedling studied, The effect 
Produced on the seedling 


Under the exclusion of а patt! 
їп water culture experiments. 


ric, 1. Water culture expe 
in normal solution; right, 


in the same 
minus one of the essential elements, 


cular elements is studied in the same way as 
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Classification of Elements 
Essential: metals—K, Ca, Mg and Fe. 
non-metals—C, H, О, N, S and P, 


Non-essential: metal—Na, 
non-metals—C| and Si, 
Trace (essential) : metals—Mn, Zn, Cu and Mo. 


non-metal—B. 
Although the other elements occur in casily detectable quantities, the 
irace elements, as is evident, occur in mere traces, Even then those 
listed above have been found to be esseniial for certain physiological pro- 
ceases. They are, however, Poisonous in higher concentrations. ‘They are 
obtained from the soil in the form of suitable salts, 


Hydroponics. Hydroponics or soilless cultivation is the technique of grow- 
ing plants directly in normal culture solution including the essential "trace" 
clements without the use of soil, or in pure sand irrigated with this solu- 
tion, Waterproof carthen vessels, troughs, 
with the solution are commonly used for the 
out in verandahs, backvards, house roofs, 

etc., where cultivation is not Possible, are also rofitab| s н 
ponic culture, Hydroponics was establish, Profitably utilized for hydro 
University in the year 1999, By thi: 
plants to a height of 8 m, Hydroponics is 
science, At present there are abo 
in the world . 


ROLE PLAYED BY THE ELEMENT 
PLANT BODY ИУ НЕ 


епз and the’ 


$ of carbon 
also growth of the plant bod уш 
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(2) Magnesium js resent į 
of about 5.6% by n EU chloro 
chlorophyll is not forme 
growth. It is present to 
cereals and leguminous 
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plasm, It promotes the growth of a p 
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orange, shaddock, etc., Stow well n ts. Plants like lemon, 
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Soil rich in calcium 
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(lime). Fruits in general, and stone-fruits in particular, re- 
quire plenty of calcium for their normal development. 
Plants become stunted in growth in the absence of calcium, 
and are liable to be diseased. 

(4) Iron is essential for the formation of chlorophyll al- 
though it is not present in the latter. It may be associated 
with the plastids. Iron is always present in the protoplasm 
and in the chromatin of the nucleus. In the absence of iron 
the leaves become chlorotic, i.e. pale-yellow or pale-green in 
colour. 

(5-6) Sulphur and Phosphorus. Sulphur is present in the 
protoplasm and enters into the composition of all plant 
proteins. It is an important constituent of mustard oil. In 
its absence leaves become chlorotic and the stem slender. 
Phosphorus is always present in the nucleoprotein, a consti- 
tuent of nucleus, and in lecithin, a constituent of proto- 
plasm; it promotes nuclear and cell-divisions. Phosphorus 
aids in nutrition and hastens maturity and ripening of 
fruits, particularly of grains. It promotes the development 
of the root system and other underground organs. 

(7) Carbon forms the main bulk—-45% ог even more—of 
the dry weight of the plant. It is the predominant constituent 
of all organic compounds which are, in fact, known as com- 
pounds of carbon. Carbon is absorbed from the atmosphere 
as carbon dioxide. Although carbon dioxide occurs in the air 
to the extent of only 0.03%, air is still the only source of all 
the carbon for the plant, as proved by water culture experi- 
ments, Carbon Cycle. It is to be noted that there is a regu- 
lar circulation of carbon dioxide and oxygen between the 
green plant and the atmosphere, and two processes are con- 
Necied with it: one is photosynthesis and the other is respi- 
ration. In photosynthesis green plants take in carbon dioxide 
from the atmosphere: during the daytime to manufacture 
food, and they give off oxygen (by the breakdown of water 
In the process). "There is thus a tendency of the atmosphere 

€coming poorer in carbon dioxide and richer in oxygen. 
n the reverse process, ie. in respiration, all plants and 
animals take in oxygen from the atmosphere at all times, 
and by oxidation and decomposition of food they give off car- 
On dioxide. In the combustion of coal aríd wood also car. 
bon dioxide is given out to the atmosphere. Thus the atmos. 
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phere has a tendenc 
and poorer in oxygen. There is thus a re 


PART Ш 


parts of air by volume, it is not 

ants in its free state, Nitrogen occurs 
he plant to th 

і eee Ot € extent of 1-3% only. 

Nevertheless, it is indis % ; 


LES a ү à In this process t nia is 
oxidized into nitrate in two sages: r^ RIS, pecammonl on 
by the nitrite-bacteria (Nitrosomonas) dd Stated into 
nitrite (-NO,), and (b) second, the mith xidize: 
then acted on by the nitrate-bacteri lits 
ther oxidized into nit 


rate (-N : 
is readily absorbed by Эл ay The nitrate thus produced 


readily absorbed by 
some algae can readily assi 


„owever, is disintegrated bv 
ngi i 
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containing them are decomposed by different putrefying bac- 
teria and fungi present in the soil. In the first stage, in the 
absence of oxygen, the proteins contained in their bodies 
are reduced to amino-acids and then to ammonia (ammoni- 
fication) by several groups of putrefying bacteria and fungi; 
and in the second stage, іп the presence of oxygen, the am- 
monia undergoes nitrification, as stated above. The nitrate 
thus produced is readily absorbed by green plants. 
Fixation of Atmospheric Nitrogen. The gaseous nitrogen of 
the air combines with other elements and is ultimately made 
available to the plants as compounds of nitrogen in the soil. 
The methods by which the free nitrogen of the air may be 
fixed are as follows: (1) discharge of electricity in the atmos- 
phere, (2) activity of certain saprophytic bacteria, (3) activity 
of symbiotic bacteria,‘and (4) activity of blue-green algae. 


1. Nitrogen Fixation by Electric Discharge. The free nitrogen of the 
air to some extent becomes available to the green plants by tlie discharge 
of electricity. (lightning) during a thunderstorm. Under the influence of 
electricity nitrogen of the air combines with oxygen to form nitric oxide 
—N,+0,=2N' (nitric oxide). This nitric oxide of the air is finally 
washed down into the soil by rain as nitric acid (HNO,) and nitrous acid 
(HNO,). In the soil they combine with some metal like K or Ca and 
form corresponding salts—nitrate and nitrite, On an average the rain 
water brings down to the soil about 4 kilogrammes of nitrogen per year 


per hectare. 
9. Nitrogen Fixation by Saprophytie Bacteria of the soil. 
Certain types of soil bacteria, particularly species of Azoto- 
bacter (aerobic) and Clostridium (anaerobic) have the power 
of fixing free nitrogen of the soil air in their own bodies in 
the form of amino-acids and finally building up proteins 
from them. After the death of these bacteria the proteins 
are released to the soil. In due course these are acted on 
by the nitrifying bacteria and finally transformed into 
nitrates which are then made use of by the green plants. The 
Chemistry of nitrogen fixation representing different inter- 
mediate stages is not, however, definitely known, But it 
18 certain that molecular nitrogen is reduced to ammonia 
(NH,) which is rapidly converted into some form of amino- 
a is otherwise toxic to plants. 

3. Nitrogen Fixation by Symbiotic Bacteria: Nodule Bac. 
teria of Leguminosae. Agriculturists have known for a very 


long time that leguminous plants such as pulses grown in a 
soil make it fertile and lead to an increase in the yield of 


16 


acid. Ammoni 
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that the roots of these plants 
5 ed nodules or tubercles (fig. 2), 
Which are infected with so; 


in the nodules. Bacteria enter 
ir (fig. 3) and pass into the 


2. Nodules of a legu- FIC. 3. A root.hair infected 
Fic, SEN plant, With bacteria, 


mall Swellings or nodules of 
€n fix in thes 


orm of some 
ompounds is absorbed into t 
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mer with nitrogenous food; so this is a case of symbiosis 
(see p. 10). 

Nitrogen Cycle. Although plants are continually absorbing salts of nitro- 
gen from the soil it should not be supposed that the nifrogen content of 
the soil would sooner or later become exhausted. Under natural condi- 
tions the soil soon -becomes replenished of this element. This is so 
because there is a regular circulation of nitrogen through the air, soil, 
and plants and animals. Nitrogen in the soil is, therefore, inexhaustible. 
We have already seen how the free nitrogen of the air is brought down 
into the soil as ultimate products of nitrite and nitrate of some metals, 
Nitrates are absorbed by plants and made into proteins in their body. 
Plant proteinf are taken up by animals. After the death and decay of 
animals and plants the proteins contained in their -bodies are again con- 
verted into nitrates in several stages, as already described (see p. 240), and- 
again absorbed as such by plants. At the same time a portion of the 
nitrates present in the soil is disintegrated by denitrifying b@cteria into 
free nitrogen or oxides of nitrogen which then escape into the air: 


Rotation of Crops. The fixation of atmospheric nitrogen in the soil is 
of very great agricultural importance. Most crops absorb the nitrogenous 
compounds from the soil and impoverish it. Leguminous plants, on the 
other hand, enrich it in nitrogen when their nodule-bearing rc ts are left 
in the soil. Thus leguminous crops such as pulses, Sesbania cannabina (B. 
DHAINCHA), cow pea (Vigna sinensis), etc., are grown in the field in rota. 
tion with the non-leguminous crops such as cereals (rice, wheat, maize, 
barley, oats, etc.) and millets, For the same reason certain leguminous 
plants-—Tephrosia. and Derris, for example. -are grown. in tea gardens as 
natural fertilizers (and also for shade). Root crops, such as turnip, 
radish, beet, etc., and tubers such as potato take plenty of potash, calcium 
and nitrogen from the soil. 

CHAPTER 4 Absorption of Water 


and Mineral Salts 


Roots and leaves are the main absorbing organs of plants. 
Roots absorb water and dissolved mineral or inorganic salts 
from the soil, while leaves take in gases—oxygen and carbon 
dioxide —from the atmosphere. 


Water and Inorganic Salts from the Soil. Green plants 
absorb water and mineral or inorganic salts from the soil hy 
the unicellular root-hairs which pass irregularly through the 
interstices of the soil particles and come in close contact with 
them. Absorption is also carried on by the tender growing 
regions of the roots. Surrounding each soil particle there is 
a film, of water, thin or sometimes thick, loosely held to it 
by capillary force, with various mineral salts such as nitrates, 
chlorides, sulphates, phosphates, etc., digsolved in it. This 
capillary water is readily absorbed by the root-hairs. It is to 
be noted that water is absorbed in large quantities, always 
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3 PCM 5 
in excess of the requirements of the plant, by a pes 
known as osmosis (see below), while the inorganic salts ar 


absorbed in the form of ions. The two processes are indepen- 
dent of each other. 


Experiment 2. Absorption of water. (a) An interesting experiment ma 
be carried on in the following way. Take a cut branch of a lupin plan 
with white flowers in a glass cylinder filled with water coloured with eosin. 
Within a few minutes it will be seen that the white flowers turn pinkish 
—the colour of eosin—as a result of absorption of coloured water by thc 
cut end of the, branch. Peperomia plant may be similarly used and 
streaks of red noticed through the stem. (b) To demonstrate the rate of 
absorption proceed in the following way. Arrange the experiment as 
shown in fig. 11A, and mark the level of water in the graduated tube. 
Note every few hours the gradual fall of the water level. At the end 
calculate the rate of absorption per unit of time. The experiment may 
be repeated under different conditions of light and temperature and the 
rates of absorption compared It will be noted that strong light and high 
temperature enhance the rates of absorption. 

Atmospheric Gases. Of the various gases present in the air it is only 
oxygen and carbon dioxide that are normally absorbed and utilized by the 
plant, Other gases may enter the plant body, but they are returnc 
Oxygen is absorbed and utilized by all the living cells of the 
respiration; but carbon dioxide is absorbed b 
the manufacture of carbohydrates. 


d unused, 


plants for 
y only the green cells for 


Composition of the Air. Of 100 parts of air by volume nitr alle 
pies 78%, oxygen 21%, carbon dioxide 0.03%, and other ees p 
hydrogen, ammonia, ozone, aqueous vapour, etc., ses such -.as 


$ occur in traces only. 

Osmosis. There are certain membranes Which allow a solvent 
(water, for example) to pass through them freely but resist 
‘solution) so that only 
$ through. On account 
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endosmosis. Similarly; grapes immersed ‘in a strong solution 
of sugar or salt (say, 25% or 30%) are seen to shrink. 
Importance of Osmosis in Plant Life. Root-hairs absorb 
water from the soil through the process of osmosis. All the 
cells of the plant body are saturated with water as a result 
of cell to cell osmosis. Тһе cortex of the root generates root- 
pressure by this process. Parenchymatous cells surrounding 
xylem vessels absorb water from the latter by the same pro- 
cess. Similarly the mesophyll cells of the leaf draw water 
from the ends of veins generating a suction force. Osmosis 
ives rise to turgidity (see p. 246) which is responsible for 
some kinds of movements of plant organs. 


Experiment 3. Process of osmosis (fig. 4). Take a thistle-funnel with 
a long narrowestem, and tie a piece of animal bladder (fish bladder will 
do) or parchment paper to the wide end of the funnel. Fill it with strong 
salt solution so that its level may stand a little above the neck of the 
funnel, Introduce it, stem upwards, into a beaker containing water. 
Mark the level of the solution in the stem. After an hour or so note that 
the level of the solution in the ‘stem has gone up. This rise is due to 
the accumulation of water in the funnel as a result of a more rapid flow 
; of the water into tlie thistle-funnel by osmo- 
sis (endosmosis) through the membrane. 
This rise is scen to continue until tne level 
has gone sufficiently high up to ехе a hydro- 
static pressure on the membrane which then 
stops further net transfer of water by osmo- 
sis. This value of the hydrostatic pressure 
is equal to the osmotic pressure of the solu- 
tion, At the same time a small quantity 
‚оё salt also passes out through the mem- 
brane. 


Parts played by Root-hairs (fig. 
5). In the case of root-hairs which 
contain some sugars and salts in 
solution, the cellsap is stronger 
than the surrounding soil water. 
The two fluids (cell-sap and water) 
are separated by the cell-membrane 
rg as on (cellulose cell-wall + plasma mem- 

brane). As a consequence osmosis 
is set up. There is a flow of water from the soil into the 
root-hairs through the intervening cell-membrane (endosmo- 
sis). Osmosis, however, is not in this case a purely physical 
process. Although the cell-wall is permeable to both the 
water and the solutes, the plasma membrane is but differen- 
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tially and selectively permeable, allowing the water to flow 


in, while checking the sugars and salts of the cell-sap fiom 
flowing out. This selective permeability is characteristic of 
the plasma membrane. 


Turgidity. As the cell absorbs more and more water by os- 
mosis, it increases in volume. Under this condition, the proto- 
plasm is pushed outward against 
the cell-wall, and the latter also 
becomes much stretched. The 
fully expanded. condition of a cell 
with its wall in a state of tension 
due to excessive accumulation of 
water is called turgidity. It will be 
noted that in a fully turgid cell 
two pressures are involved: out- 
ward and inward. The outward 
pressure exerted on the cell-wall 
by the fluid contents of the cell is 
called the turgor pressure, and 
the inward pressure exerted on 
the cell-contents by the stretched 
cell-wall is called the wall pres- 
sure. Normally these two pres- 
sures counterbalance each other ж root-hair with soil 
and a state of equilibrium is particles adhering to it. 
maintained between them. Turgidi 
ilzree factors, viz. (1) formation и Пу of a cell depends on 
ces inside the cell, (2) an adeq 
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a certain amount of rigidity to the plant, particularly to the 
growing regions and the soft parts. 

Plasmolysis (fig. 6). If a sec- 
tion from a green leaf (e.g. 
Vallisneria), or an entire thin 
green leaf (e.g. Hydrilla), or a 
coloured petal, or a Spirogyra 
filament be. placed in strong 
salt or sugar solution (say, 5 to 
10%) and observed under the 
microscope, it will be seen that 
the cell as a whole contracts, 
and more obviously the proto- 
plasm together with the nu- 
cleus and the plastids gradual- 
ly shrinks away from the cell- 
wall and forms a rounded or 
irregular mass in the centre; 
while the space between the 
cell-wall and the protoplasmic 
mass becomes filled with the 
salt or sugar solution. The 
reason for such shrinkage of 
the protoplasm is that the salt 
or sugar solution being of 
greater osmotic value than the 
cell-sap, the cell loses water by 
outward osmosis. As the water 
Fic. 6, Plasmolysis in a cell of moves out of the cell, the 
Vallisneria leaf under the action protoplasm and the cell-wall 


of 10 tassium nitrate solu- ү 
Чоп; ч asium i сей, B-D, аге no longer in a state of 
stages in plasmolysis. tension. Further loss of water 


evidently results in the shrink- 
age of the protoplasm. This shrinkage of the protoplasm from 
the cell-wall under the action of some strong solution—stron- 
ger than that of the cell-sap—is known as plasmolysis. If the 
salt or sugar solution be replaced by pure water, soon after 
plasmolysis, the protoplasm is seen to return to its. norma] 
position and the vacuole reappears (deplasmolysis). Potassiu 
nitrate solution (10%) is a very good plasmolysing ткен. 
Plasmolysis is a vital phenomenon since dead cells or those 
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killed by boiling for a few minutes show no plasmolysis. Fhe 
process explains the phenomenon of osmosis; it shows the 
permeability of the cell-wall and semi-permeability of the 
ectoplasm; it also shows that the protoplasm can retain in 
its body the osmotically active substances of the sap; and it 
indicates the osmotic value of the cell-sap. 


CHAPTER 5 Conduction of Water 
and Mineral Salts 


ROOT PRESSURE 


Тһе water with the mineral salts absorbed from the soil by 
the root-hairs gradually accumulates in the cortex, As a 
result the cortical cells become fully turgid. Under this con- 
dition, their elastic walls being much stretched exert pres- 
sure on the fluid contents and force out a quantity of them 
towards the xylem vessels, and the cortical cells become 
flaccid. "I hey again absorb water and become turgid and 
the process continues. Thus an intermittent pumping action 
naturally gives rise to a considerable pressure, As a result 
of this pressure the water is forced into the xylem vessels 
through the passage cells of th 
thickened areas and pits that th 


e endodermis, and the un- 
€ vessels are provided with. 


MG. 7. A.root in transection showing 
the root-hair to the 


the course of 
xylem. 


Water from 


Besides, the lignified walls of the vessels are also permeable 

à S rmeable 
aoe 85 the pressure 
и ‹ Чет. of the Cortical cells of the 


forcing a quantity of 


uu 
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h them upwards into 


ABSORPTION OF w 


them into the xylem vessels and throug 


the stem up to a certain height. 
Experiment 4. Root pressure (fig. 8). Cut across 
the stem of a healthy plant (preferably a pot 
planty a few cm. above the ground in the morn- 
ing, and fix a T-tube to it by means of rubber 
tubing. Pour some water into the tube and 
freely water the soil. Fill a manometer (ie. a 
U-tube with a long arm and a bulb) partially 
with mercury. Connect the manometer to the 
T-tube through à rubber cork. Insert a cork 
fitted with a narrow glass tube to the upper end 
of the T-tube. Make all the connexions air-tight 
by applying melted paraffin-wax. Seal the borc 
of the narrow tube and note the level of mercury 
in the long arm of the manometer. 

Observation, After a few hours note the rise 
of mercury-level in the long arm; also note thc 
rise of water-level in the T-tubc. 

Inference. The rise of mercury is certainly 
due to accumulation of water in the T-tube and 
the pressure exerted by it. This phenomenon is 
evidently due to exudation of water from the cut 
surface of the stem. This experiment thus shows 
that the water is forced up through the stcm by 
root pressure. 

Root pressure is continually forcing 
up water thrqugh the xylem vessels, 


3 but it is difficult to determine the 
Үз я. тареш process when active transpiration is in 
pressure, progress. The water accumulates in the 


vessels only when transpiration is in abeyance. Sometimes it 
so happens that certain plants, when cut, pruned, tapped or 


Otherwise wounded, show à flow of sap from the cut ends or 
surfaces, often with considerable force. This phenomenon is 
commonly known as bleeding, and is often seen in many 
land plants in the spring, particularly grape vine, some 


palms, sugar maple, etc. 

Conditions affecting Root Pressure. (1) Temperature. The 
temperature of the air as well as of the soil affects root pres; 
sure. The warmer the air and the soil within limits, the 
gicater is the activity of the root. (2) Oxygen. There. must be 
an adequate supply of oxygen to the roots in the soil for res- 
piration; otherwise their activity diminishes and may soon 
come to a standstill. (3) Moisture in the soil. A certain amount 
present in the soil. Within certain limits 


of moisture must be 
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the more the better. 
salts, making the soil 
sorption of water, 


TRANSPIRATION 


PART Ш 


(4) Salt in the soil. Preponderance ot 
saline, greatly interferes with the ab- 


i from the soil by the 
ts absorb a large quantity of water n tl Pre 
eae Only a very small part (1-2%) of this water is re 


tained in the plant body for the building-up processes, while 


Т transpiration, At 


'ranspiratian is с ecked, 7 
In dorsiventra] leay, 


tion); water Vapour escapes through the loose Mass of cells 
of the lenticel, 
Experiment 5, Transpiration: bell-jar ex 

nstrated in the following way. A pot Plant with its soil. 
then seen that the inner wall of 
Wed with moisture. 


Unequal transpiration from jj Surfaces 
Gorsiventral leaf (fig. 9). Soak Small pieces of a. Tis dus 
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ting paper. in 5% solution of cobalt chloride (or cobalt nitrate) 
and dry them 'over a° flame. The property of cobalt papers is that 
they are deep blue when dried, but in- contact with moisture they 
turn pink, Place two dried cobalt papers, one on each surface of a 

thick, healthy leaf, as shown in 
the figure, Cover them complete- 
ly with mica pieces or glass slides 
(or with a leaf-clasp, as shown 
in the figure), and clamp, them 
properly to the leaf. Then 
quickly seal the sides with vase- 
line to prevent atmospheric mois- 
ture from coming in contact with 
the papers. It will be seen that 
the cobalt paper on the lower sur- 
face of the leaf turns pink sooner 
than the one on the upper surface, 
This change in colouration takes 
place within a-few minutes, This 
evidently shows that the leaf 
transpires water more vigorously 
from the lower surface than from 
the upper. This is due to the 
occurrence of a large .number of 
stomata on the lower surface, nonc 
or few being present on the upper, 


кс. 9, Unequal transpiration 
from the two surfaces of a leaf, 
nt of the rate of transpiration current (fig. 


Па 0 анз SUY be used for this purpose. ‘The apparatus is 


h cut under water is fixed air-tight to the uppa 
Wide end of the apparatus through a cork. The distal end of the apparatus 
is dipped into water contained in a beaker. The Le in the beaker may 
be coloured with eosin. As transpiration goes on, the coloured water is 
Seen to enter the tube, Then remove the end of the tube from the 
beaker for a while and allow air to enter it, Dip it into water again. 
An air-bubble formed at the distal end of the tube is seen to rise and 
Slowly travel through the horizontal arm of the potometer as a result of 
Suction due to transpiration. Note the time that the bubble takes to 
Cover the journey from one end of the graduation to the other,-afd calcu- 


late e of transpiration current. By opening the stopcock the bubble 
may is di back E the experiment re-started. YE 

Experiment 8. Relation between transpiration and absorption (fig. 11). 
A, wide-mouthed bottle with a graduated side-tube and a split India-rubber 
› experiment. А small rooted plant is introduced 
through the split cork into the bottle which is filled with water. The 
level of water is noted in the side-tube, and 1 or 2 drops of oil poured 
into it to prevent evaporation of water from the exposed surface, "The 
connexions are, of course, made air-tight. The whole apparatus is then 
weighed on a compression (or pan) balance (fig. 11B) and the weight 
noted. It is seen after a time that the water-level has fallen, indjcatin 
the volume of water that has already been absorbed by the plant x 
apparatus is then re-weighed. The difference in weight evidently now: 
the amount of water that has transpired from the leaf-surfaces. If the 


filled with water, and a branc 


cork are required for this 
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period of 24 hours it will be seen that the 


absorbed is slightly greater than the amount of 
transpiration (1 с.с. of water=] gm.) In this 


experiment be continued for a 
volume of water (in c.c.) 
water (in grams) lost by 


UNSER 


Е 


WATER COLOURED 
WITH EOSIN 


FIG, 


- 4, relation. between transpirati 
pression (or Brand 


Рац) balance. absorption; Zi, сош: 
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way the relation between transpiration and absorption can be worked out 
for the various hours of the day and under diverse conditions. 

Note, The experiment not only shows the relation between transpira- 
tion and absorption, but also separately proves ‘absorption’ and ‘loss of 


water' by transpiration. 
Experiment 9. Suction due to transpiration (fig. 12), Take a Darwin's 
potometer (i.e, the U-inbe with a long arm, as shown in the figure) and 
fix to its lower end a long narrow glass tube, 
Completely fill the tubes with water and in- 
sert a leafy shoot, with the cut end kept un- 
der water, into one of the arms of the poto- 
meter through a rubber cork. Close the other 
end with a cork. Make all the connexions 
air-tight by applying melted paraffin-wax. 
Dip the lower end of the tube into a beaker 
of mercury. As transpiration goes on watcr 
is absorbed, and within a few hours the mer- 
cury is seen to rise in the tube to some 
height. This rise of mercury, indicates the 
suction exerted by transpiration. \ 


Importance of Transpiration. 
Transpiration is of vital importance 
to the plant in many ways. (1) In 
the first place we find that roots are 
continually absorbing water from 
the soil, and this water is several 
times in excess of the immediate re- 
quirement of the plant; the excess 
is got rid of by transpiration, (2) 
There is a definite relation between 
transpiration and absorption. The 
greater the transpiration, the grea- 
ter the rate of absorption of water 
а from the soil (3) Absorption of 
Fic, 12. Suction due to transe — Water helps the intake of inorganic 
Dieu лы salts from the soil. It is, however, 
ў not a fact that the greater the trans- 
piration, the greater the rate of absorption of inorganic salts 
from the soil. As a matter of fact, the intake of salts is inde- 
pendent of the quantity of water absorbed. (4) ‘Transpira- 
tion secures concentration of the cell-sap and thereby helps 
osmosis. (5) As a result of transpiration from the leaf-surface 

a suction force (see experiment 9) is generated which hel 
ps 

water to ascend to the top of lofty trees. (6) Transpirati 
also helps the distribution of water th oe 
roughout the plant 
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irati ler 
body. (7) As a result of hee репи Por convent 
С i £ latent heat is lost i 
onsiderable amount о! 
bs ia Кош a liquid into a gaseous state. In the face of m 
m. advantages the fact cannot be, overlooked that ex: 
sive transpiration is often a real dan 


ger to plant life. Many 
plants are often seen to dry up and die when excessive trans- 


piration takes place for a prolonged period. 1 on 
Е which affect Transpiration. (1) Light. Light is the 
T rtant factor. During the daytime stomata remain 
fully open and evaporation of water takes place normally 
pe eer At night stomata remain closed and сас 
uently transpiration is checked. During the daytime ыр 
n t-rays of the sun falling directly upon the leaves greatly 
rst the rate of transpiration. (2) nM of pi a 
There is an increase or decrease in the rate of CRM а pn 
according to whether the air is dry or moist, Pn oe 
here is very dry it receives moisture very rea ily, bu 
СЕЈ becomes very moist or saturated it can receive no 
x Sed vapour. Loss of water by transpiration is then ver: 
mn (3) Temperature of the Air. The higher the tempera- 
ture, the greater the transpiration; at high temperatures the 
water evaporates more freely than at low temperatures, When 
the two factors, viz. dryness of the air and high temperature 
combine, transpiration is markedly enhanced, (4) Wind. 
During high wind transpiration becomes Very active because 
the water. vapour is instantly removed апда е аге arcana 
.-the transpiring surface is not allowed to become Grafen 
Adaptations to reduce excessive Trang 


NY structural 
cessive transpiration which could be f 


transpirat;, 


7 OD, while ever. 
Coatéd wit 


h cuticle. 
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Exudation of Water. The excess water is also got rid of in 
many herbaceous plants and undershrubs by a process com- 
monly called exudation or guttation. In this process, as seen 
in rose, balsam, water lettuce, grape vine, many aroids, garden 
nasturtium, many grasses, etc., water escapes in liquid form 
at night and accumulates in drops at the ends of veins. 
These drops of water may be seen in the early morning. 
Exudation takes place in the absence of transpiration. 


Transpiration and Exudation. (1) In transpiration water escapes in the 
form of vapour; while in exudation water escapes in liquid form, (2) In 
transpiration the water that escapes is pure; while in exudation the water 
that escapes contains minerals in solution, (3) In transpiration water es- 
capes through the stomata and to some extent through the cuticle; while 
in exudation water escapes through the ends of veins and water stomata 
(or water pores). (4) Transpiration is regulated by the movement of guard 
cells; while exudation cannot be so regulated, the guard cells of water 
stomata having lost the power of movement. (5) Transpiration takes place 
during the daytime only when the stomata open; while exudation takes 
place at night in the absence of transpiration. (6) By transpiration excess 
heat is removed from the plant body; while exudation has no such effect. 


ASCENT OF SAP М А 
The water absorbed from the soil by the root hairs slowly 


moves up through the plant body to the leaves and the grow- 
ing regions of the stem and the branches, usually at the rate 
of 1-2 metres per hour. In the case of tall trees, eg. Eu- 
calyptus, some conifers, etc., which may be as high as 90 
metres or more. the water column has to move up to that 
height against 2 considerable pressure and resistance. Two 
questions naturally arise in this connexion: what is the 
path of movement of sap and what are the factors respon- 


sible for the ascent of sap? 


Path of Movement of Sap. The path of movement of sap 
may be determined in the following way. A small herbaceous 
plant (e.g. Peperomia) or a small branch of a plant (e.g. lüpin) 
may be immersed in eosin solution. After a short time sec- 
tions, cross and longitudinal, are prepared from it at diffe- 
rent heights or the branch split open, and examined under 
the microscope. Sections or the split branch will show the 
presence of coloured solution only in the vessels and tra. 
cheids. Therefore, these are the elements through which 
movement of sap, or transpiration current as it is called 
takes place. | 
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Factors Responsible for the Ascent of Sap. Various theories 
have been advanced from time to time to explain the ascent 
of sap, but none has proved satisfactory yet. It is believed 
that root pressure forces up the water to a certain height and 
transpiration exérts a suction force on this column of water 
from above. In short, it may be said that root pressure gives 
a ‘push’ from below and transpiration exerts a ‘pull’ from 
above. In this respect transpiration is a more powerful factor. 
Probable theories regarding the ascent of sap are as follows: 


(1) Root Pressure. Root pressure is regarded as one of the 
forces responsible for the ascent of sap. By alternate expan- 
sion and contraction of the cortical cells of the root a pump- 
ing force is no doubt generated, but this force, which is the 
root pressure, is only adequate to force up water in herbs, 
shrubs and low trees, and that too in the absente of transpira- 
tion. Root pressure can hardly generate 2 atmospheres of 
pressure (although 3-6 atmospheres have been recorded in 
special cases) arid the maximum hei 
of water may be raised by 
The process is also slow and cannot keep pace with the water 
lost by transpiration. In man 
or feeble at certain times o Besides, water still 


cut end of the stem dipped into water. Конаш А he 


ABSORPTION OF WATER & MINERAL SALTS 257 


are artificially blocked with oil, air or gelatin the branches 
are seen to wilt, showing thereby that the amount of water 
absorbed by this process cannot at all keep pace with the 
amount of water lost by transpiration. 

(4) Vitalistie Theory. It is also believed by some that the 
activity of living cells, e.g. wood parenchyma and medullary 
ray cells surrounding xylem, is responsible for the rise of 
sap through the plant body. The role played by the living 
cells is like that of relay pumps. The living cells take up 
water from the vessels at a particular level and then force 
it again into the vessels at a higher level, and the sap thus 
rises. Strasburger (1891), however, refuted the idea of vital 
force by killing the living cells by the application of heat as 
well as by poisonous chemicals. 

(5) Pulsation Theory. According to the late Sir J. С. Bose 
(1923), the ascent of sap is due to active pulsation of the in- 
ternal layer of the cortex abutting upon the endodermis. 
Conduction of water takes place through this layer even in 
the absence of root pressure and transpiration. Xylem ves- 
sels being dead and inactive no pulsation 15 exhibited by 
them, and these were regarded by him as only reservoirs of 
water. All the living cells exhibit pulsation to a greater or 
less extent, but the activity of the internal cortex is excep- 
tionally great. Anatomical and experimental evidence, how- 
ever, does not support this view. 


CHAPTER 6 Manufacture of Food 

Food of Plants. Food consists of certain organic substances 
which are more or less directly utilized by the living orga- 
nisms for their nourishment. In this respect there is hardly 
any difference between the food of plants and that of ani- 
mals. Such substances are carbohydrates, proteins, and fats 
and oils. Animals, non-green plants and non-green cells 
of plants have to depend directly or indirectly on the organic 
food prepared by the chloroplast-bearing cells of green . 
plants. It is evident, therefore, that green plants hold a 
key position so far as the living world is concerned, 


I. CARBOHYDRATES 


Photosynthesis. Photosynthesis (photo, light; 
building up) consists in the building up 


17 


3 Synthesis, 
of simple carbo- 
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hydrates such as sugars in the green leaf by the chloroplasts 
in the presence of sunlight (as a source of energy) from car 
bon dioxide and water absorbed from the air and the soil 
respectively. The process is accompanied by a liberation of 
oxygen’ (see experiment 10) The volume of oxygen libe- 
rated has been found to be equal to the volume of carbon 
dioxide absorbed. But it is to be noted that all the oxygen 
liberated in the process is released exclusively from water 
(Н.О) and not from carbon dioxide (CO,), as first proved 
by Hill in 1937 and later by others by using radioactive 
oxygen, O'5, in water (H,O"). Oxygen escapes from the 
plant body through the stomata. This formation of carbo- 
hydrates, commonly called carbon-assimilation, is the mono- 
poly of green plants only, chlorophyll being indispensabl~ 
for the process. By this process not only are simple carbo- 
hydrates formed but also a considerable amount of radiant 
(light) energy absorbed from sunlight is stored up as poten- 
tial chemical energy in the organic substances formed. It 
must be noted that the whole process of photosynthesis 
takes place in the body of the chloroplasts in green cells 
and, therefore, mainly in the leaf. 


Mechanism of Photosynthesis. The intermediate chemical 
stages in the process still remain 


j у leadi ly to 
the formation of gluco s frd uH 
able for photosynthesis, itely known ME 
light energy from sunli ‘initiates а Е 
^ (с) energy-rich ATP 
ions; and (d) chloro- 
Boing no change, 
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chemical or physical, during the process. Photosynthesis in- 
volves a series of chemical reactions in a stepwise manner— 
some are photo-chemical requiring light energy (light reac- 
tion), Үн others are chemical requiring no light (dark re- 
action). 


Light and Dark Reactions. The initial phase of photosyn- 
thesis is essentially the splitting of. water (H,O) into oxygen 
and hydrogen under the influence of chlorophyll in the pre- 
sence of light (sunlight being the source of light energy). This 
is essentially a light reaction taking place in the body of the 
chloroplast. In this reaction light energy absorbed by 
chlorophyll is utilized by it in breaking up water (the pro- 
cess being called photolysis of water). Oxygen escapes, while 
hydrogen is transferred to some unknown compound, most 
likely TPN, which acts as an 'acceptor' of hydrogen. By 
this process the absorbed light energy is converted into poten- 
tial chemical energy for further action. In the second phase 
hydrogen is transferred to CO, (which now acts as the 'accep- 
tor' of hydrogen). The reduction of CO, then proceeds 
rapidly in a stepwise manner under the action of specific en- 
zymes. All the reactions from the reduction of CO, (i.e. addi- 
tion of hydrogen) to the formation of sugar and starch are 
dark reactions, The reactions are so rapid that the detection 
of all the unstable intermediate compounds has not been 
possible yet. It is, however, known that the reactions are 
activated by energy-rich ATP already formed and stored 
in the chloroplasts of green cells, and that water (Н,О) 
is the specific hydrogen-donor for the reduction of CO,. 
Recently, however, with the help of radioactive carbon 
C™, in carbon dioxide, i.c. СО, it has been possible to 
trace at least some of the reactions through which the 
‘marked’ С passes on its way to the final products 
formed. This is called ‘tracer’ method. Thus in 1950 Ben- 
son and Calvin by using C'*O, succeeded tracing it 
through some of the intermediate Stages of- photosynthesis 
They found that when the period of photosynthesis йе. 
the period of exposure to light, was shortened to AUS 
seconds a detectable quantity of phosphoglyceric acid was 
formed. Phosphoglyceric acid (PGA) is, therefore, the first 
stable intermediate product formed in photosynthesis It is 
a 3-carbon compound, Calvin and others in 1954 suggested 
that ribulose phosphate, a 5-carbon compound, appears in 
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the process. It is then activated by ATP to form ribulose di- 
phosphate. The latter then combines with CO, and forms an 
unknown 6-carbon compound. It splits into two parts—one 
part of it being the 3-carbon PGA, while the other part re- 
forms ribulose phosphate to maintain the continuity of the 
process. Subsequently by the union of two $-carbon com- 
pounds a 6-carbon compound, i.e., glucose or:fructose, may 
be formed. The radioactive carbon used in thie experiments 
could be traced in PGA and finally in sugar and starch. The 
sequence of reactions from PGA to sugar under the action 
of different enzymes may quite possibly be as follows: PGA > 
phosphoglyceraldehyde > fructose phosphate > glucose phos- 
phate> free glucose > starch or sucrose (in some cases). The 
process is a reversal of what we find in respiration: Nearly 
the whole of CO, taken up in photosynthesis enters into the 
composition of sugar. It is important to note that PGA 
holds a key position from which reactions may proceed in 
different directions under different conditions. The main 
pathway of course leads to, the formation of sugar and starch 
in photosynthesis, while in other directions, as in respira- 
tion, pyruvic acid, many stable organic acids 


fatty acids, 
some amino-acids; etc.) are formed. [See EY LAN 


Production of Oxygen and Starch in Photosynthesis: Pro- 
euraen @! Ns or starch or both is used as a criterion 
or experimentally testing the pro А 

Of these two oxygen is Ed Progress of photosynthesis. 


› ormed as a by-product as a result 
а, the breaking-down of water (H,O) at the initial stage of 
photosynthesis, while starch (always derived from sugar) is 
la йш of the process. Oxygen escapes from the 
г ough the stomata i i 
жойса jantie 1 iem experiment 10), while starch 


ates in mperarily at least, and can be 
tested with iodine solution (see experiment 11). 


Experiment 10, Photosynthesis: to show за 
ing photosynthesis (бр. 13). Place some cu 
иче plant) under cover of a funnel in a large beaker filled with water. 
а & И peg роле а source of carbon dioxide, Invert over 
[ - water. i 

sunlight. Within a few minutes Stréams A P babe cae Sie 
асса the cut ends of the branches a 
isplacing the water. If the apparatus be 

: removed to t 

99m or covered with a black paper or cloth no bulis de iio d 


t oxygen is given off dur- 
t branches of Hydrilla (an 
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out, Then remove the test-tube with the gas to pyrogallate solution. It 
rises and completely fills wp the tube. Pyrogallate solution absorbs 


vic. 13, Evolution of oxygen 
bubbles in photosynthesis of 
a water plant (Hydrilla). 


oxygen. The gas in the tube is, there- 
fore, oxygen. 

Experiment 11. Photosynthesis: to 
demonstrate that starch is formed in 
photosynthesis (figs. 14-15). Select a 
healthy green leaf of a plant in situ 
and cover a portion of it on both 
sides with two ‘uniform pieces of black 


paper, fixed in position with two pa- 


per clips or soft wooden clips either 
in the morning before the sun rises or 
the previous evening, so that the ex- 
periment is performed with a starch- 
free leaf, Now expose the plant to light 
for the whole day. Then collect the 
leaf and decolorize it with methylated 
spirit, Dip it into iodine solution for 
a minute or so. Note that the exposed 
portions turn blue or black showing 
the presence of starch, while the screen- 
ed portion turns yellowish brown, 
there being no starch formed in it; 
this yellowish brown colour is due to 
the action of iodine solution on proto- 
plasm and cellulose. 

A very interesting experiment known 
as the starch print (fig. 15) may be 
carried out in the following way. A 
stencil (which may be a blackened thin 
tin plate or a black paper) with the 
letters ST ARCH punched or cut in 


it is used for this purpose, the procedure being the same as described 


under experiment 11, Later, 
iodine solution, the print of 
STARCH will stand out 
boldly in black оп the 
bleached leaf owing to the 
formation of starch grains 
which have turned black 
by contact with iodine. 
Instead of loose black 
paper or stencil a light- 
Screen, as shown in fig. 16, 
may be used to cover a por- 
tion of the leaf. The ad- 
vantage of the light-screen 
is that it allows free venti- 
lation, while it cuts off all 


light. 
Experiment 12. To show 


that plants cannot photo- 
synthesize unless carbon 


* 


when the leaf is decolorized and treated with 


FIG. 14, Formation of starch ins i 
photosynthesis of land Pine do eot 
partially covered with black paper; B 
Covered portion without starch grains 
uncovered portions with plenty of them, 


D 
H 
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ve ide- hed 
dioxide is available: Moll’s experiment (fig. 17). Take a wide: шош e 
bottle and a split/cork of appropriate size. Pour a small quantity 


TARCH | 


CH 


FIG, 15. Starch print in photosynthesis. 


dilute caustic potash solution into the bottle. Before sunrise EC 
healthy green leaf, evidently starch-free, and place it—halt inside the 
bottle and half outside—between the two halves of the Split cork, Lay 
the bottle flat on a wooden tray, with the petiole dipped into a dish of 
water. Smear the edges of the split cork with vaseline to make the 
bottle air-tight. The tray with the bottle and the dish is 
to direct sunlight till the evening. Then remove the leaf, 
with methylated spirit and dip it into iodine solution, It 
that the portion of the leaf lying outside the 
the portion inside the bottle turns yellowish, 
no starch grains are formed when carbon аі 


then exposed 
decolorize it 
will be seen 
bottle turns black; while 
This evidently, shows that 
oxide is not available, all 


FIG. 16. A light-screen, 


the carbon dioxide contained in the bottle havi 
caustic potash solution. iia eun js 
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or 2 leaves, and expose ‘the branch to bright sunlight for the whole day. 
In the eveniug collect the marked leaves, decolorize them with methy- 
lated spirit and dip them into iodine solu- 
tion for a few minutes. Note that only 
the green portions of the leaf turn black 
indicating the presence of starch grains; 
while the non-green portions turn yellow- 
moray —— — 2: ish. It is thus obvious that — witliout 

4 B chlorophyll photosynthesis cannot take 
Fic, 17. Moll's experiment 

on photosynthesis. 


place. 


Conditions necessary for Photosynthesis. Light intensity, 
temperature, and carbon dioxide concentration of the air 
are the three most important external conditions for photo- 
synthesis and its rate. 

(1) Light. This is the most important condition for photo- 
synthesis, Formation of carbohydrates cannot take place 
unless light is admitted to the chloroplasts (see experiments 
10 and 11), The rate of photosynthesis also varies according 
to the intensity of light. 

(2) Carbon dioxide. Carbon dioxide of the air is the 
source of all the carbon for the various organic products 
formed in the plant such as sugar, starch, etc., and, there- 
fore, the process is in abeyance if carbon dioxide is not 
available to the plant (see experiment 12). Under favour- 
able conditions of light and temperature if carbon dioxide 
concentration rises from 0.03 per cent in the air to 0.1 per 
cent or even more, carbohydrate formation greatly increases. 
But higher concentration of CO, is harmful to plants. 

(3) Water. Water is indispensable for photosynthesis be- 
cause water and carbon dioxide undergo chemical changes 
leading to the formation of carbohydrates under the influ: 
cence of chloroplasts and in the presence of sunlight. It is, 
however, a fact that less than 1 per cent of the water ab- 
sorbed by the roots is utilized in photosynthesis. 

(4) Temperature. Photosynthesis takes place within a wide 
range of temperature. It goes on even when the temperature 
is below the freezing point of water, but the maximum tem- 
perature lies at about 45°С. The optimum temperature, 
ie. the most favourable temperature for photosynthesis 
may be stated to be 35°C, у К 


(5) Chlorophyll. This is essential for photosynthesis; chlo- 
rophyll absorbs light and initiates the process of photosyn- 
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thesis. The plastids are powerless in this respect without M 
presence of chlorophyll For the Same reason ment 13) 
parts of plants cannot photosynthesize (see e TRE d 
Fungi and saprophytic and parasitic eo a 
altogether lost this power, being devoid of chlorophyll. 

(6) Potassium. Potassium helps synthesis of carbohydrates 
and, therefore, in its absence starch grains are not formed. 
Potassium does not enter into the Composition of carbohy- 
drates but acts as a. catalyst helping in their synthesis. 


Conditions necessary for the Formation of Chlorophyll. A 
number of factors, both internal and external, are respon- 
sible for the formation of chlorophyll. In the absence of 
any of them chlorophyll synthesis is in abeyance. 

(1) Light. Without light chlorophyll cannot develop; con- 
tinued absence of light decomposes chlorophyll, and the 
plants become etiolated, i.e. pale, sickly and drawn out (sce 
fig. 27). Very strong light also decomposes chlorophyll in 
the leaf, particularly in shade-loving plants. 

(2) Temperature. Chlorophyll develops within a wide 
rangé of temperature; very high temperature (45-48* C.), 
however, decomposes chlorophyll, 

(3) Iron, Magnesium and Man 
the salts of these metals chloro 
lings assume a sickly yellow appearance. In this condition 
they are said to be chlo als it is only magne- 
sium that enters into iti f chlorophyll. 


hen they dry up in the absence of 
Water, are seen to ]ose thei 


eir green colour. Desiccation thus 
brings about decomposition of chlorophyll. In prolonged 
droughts the leaves of ma б 


(6) Oxygen. This is also n 
chlorophyll. Etiolated scedlin 
in the absence of oxygen 
sunlight. 

(7) Carbohydrates, 
necessary for the for 


ecessary for the formation of 


gs fail to develop chlorophyll 
en when these are exposed to 


Cane-sugar, 


à Brape-sugar, etc., are also 
mation of ch] 


orophyll. Etiolated leaves, 
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without soluble carbohydrates in them, develop chlorophyll 
and turn green in colour when floated on sugar solution. 


(8) Heredity. This is a powerful factor and determines the 
formation of chlorophyll in the offspring. Familiar examples 
are those with multi-coloured leaves, e.g. garden crotons, 
garden tapioca, garden amaranth, certain aroids (e.g. Cala- 
dium), Coleus, etc. 


Chemistry of Chlorophyll. Chlorophyll is a mixture of four different 
pigments, as follows: 
1 Chlorophyll a, C,,H;,O,N,Mg—a blue-black micro-crystalline solid. 
2 Chlorophyll b, C,,H,,O,N,Mg—a green-black micro-crystalline solid. 
3 Carotene, C,,H,,—an orange-red crystalline solid. 
4 Xanthophyll, C,,H,,O,—a yellow crystalline solid.. 


Photosynthesis and Chemosynthesis by Bacteria. Photosynthetic bac- 
teria develop a pigment closely related to chlorophyll and utilize light as 
a source of energy. Such bacteria are purple sulphur bacteria and green 
sulphur bacteria—both anaerobic. They decompose hydrogen sulphide 
(H,S) into hydrogen (H) and sulphur (S). The hydrogen thus released is 
used to reduce CO, to carbohydrate in a series of dark reactions, as in 
green plants, This may indicate a primitive type of photosynthesis, 

Chemosynthetic bacteria are colourless and aerobic; they do not utilize 
light energy, The chemical energy required for their synthetic processes 
is derived from the oxidation of certain inorganic compounds present in 
their habitat. The energy. thus released by the oxidative process is used 
by such bacteria in their chemosynthetic work leading to the production 
of carbohydrate and other organic compounds. Common such bacteria 
are; sulphur bacteria, iron bacteria and nitrifying bacteria, Sulphur bac- 
teria grow in sulphur springs and in stagnant water containing H,S. 
They obtain necessary chemical energy for their ‘synthetic processes by 
the oxidation of sulphur compounds present in water. Thus they oxidize 
Н,5 to free sulphur and finally to. H,SO, and use the chemical energy 
thus released by this oxidative process to reduce CO, and synthesize carbo- 
hydrate and other organic compounds, The sulphur deposited in the 
bacterial cells in the process is again used for the above purpose. Tron 
bacteria grow in lakes and marshes and in water containing ferrous iron.. 
They obtain their chemical energy for synthesis of organic compounds 
by oxidation of ferrous hydroxide to ferric hydroxide, Bog iron ore and 
deposits of iron oxides in lakes and marshes are due to their activity. 
Nitrifying bacteria live in the soil and are of two types; nitrite bac- 
teria and nitrate bacteria (see p. 240). 


IIl. PROTEINS 

Nature of Proteins. These are very complex organic nitro- 
genous compounds formed in plants. Analyses of plant pro 
teins show that carbon, hydrogen, oxygen, nitrogen, and 
sulphur and sometimes phosphorus enter into their composi- 
tion, but we know little about their molecular structure. 
Protein- molecules are very large and extremely complex, 
usually consisting of thousands of atoms, and are com. 
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posed of several chains of amino-acid molecules. Various 
kinds of proteins are found in plants, often abundantly in 
many cells. They are the chief constituents of protoplasm and 
all other living bodies. Amino-acids are the initial stages 1n 
the formation of proteins, and arc also thc degradation pro- 
ducts of the latter. 

Synthesis of Proteins. Proteins are normally formed from 
nitrates absorbed from the soil by the root-hairs, But the 
chemical reactions leading to the formation of these com- 
plex compounds are only imperfectly known. Protein зуп 
thesis mostly takes place in the meristematic tissues (root- 
tip and stem-tip) and storage tissues, and to some extent 
ih most living cells, In this process, unlike photosynthesis, 
light is not absolutely necessary. The 


; : whole process of pro- 
tein synthesis takes place in three successive stages. 


(a) Reduction of Nitrates. Nitrogen is an essential con- 
Stituent of all proteins. We know that the nitrate of the 
soil is the main source of supply of nitrogen to the higher 
plants. After it is absorbed from the soil into the plani 
body it is reduced to nitrite, and the latter further reduced 
to ammonia, as follows: —NO,—NO,—NH,. This reduc- 
tion of nitrate to ammonia takes place either in the root i 
in the leaf under the action of two separate enzymes—nitrate 


reductase for the first reaction, and nitrite reductase for thc 
second reaction, Ammonia now 


holds a ke sition in the 
pathway of protein synthesis, Monete 


i group (COOH) and 
amino group (-NH,). ези ( ) апа опе Баѕіс ог 


€acts with it, The result is. t - 
ance of the first amino-acid. ; j he appear 


ed with 1001-езрігаіоп supply- 


eaf correlated with 


Weight over 80%, of the amino-acids a 
Glutamic: aci 
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several other amino-acids may be formed by transfer of its 
amino:group (-NH,) to the carboxyl group (COOH) of any 
other keto acid under the action of specific enzymes. Thus 
the amino group of the glutamic acid may be transferred 
to oxalacetic acid and to pyruvic acid which in their turn 
produce two other amino-acids, viz. aspartic acid and alanine 
respectively, In the same way other amino-acids may be 
formed. There are 20 different amino-acids known to be 
constituents of plant proteins. The amino-acid cystine 
formed in all plants also contains sulphur. Amino-acids 
may travel from their seat of origin to distant tissues, parti- 
cularly to the meristematic and storage tissues where pro- 
tein synthesis mostly occurs. It may be noted that animals 
do not normally utilize ammonia and cannot, therefore, 
produce an amino-acid. 

(c) Synthesis of Proteins. Protein molecules, as stated be- 
fore, are very large and complex, and hundreds of them 
may occur in a single cell. Proteins are: made of different 
amino-acids. A protein molecule may finally be formed by 
linkages of hundreds or thousands of amino-acid molecules 
arranged in long chains. Linkages of different amino-acids 
in specific sequences in the chains under the action of 
specific enzymes result in the synthesis of an infinite variety 
of proteins. The arrangement of particular amino-acids, 
often with repetition of one or more of them, in a specific 
sequence in the chain determines the particular kind of 
protein to be formed. It is evident, therefore, that the omis- 
sion of a single amino-acid in the chain directly checks the 
synthetic process. Emil Fischer first suggested (1899-1906) 
that proteins are formed by condensation of several amino- 
acids.. He mentioned 18 such acids. By linkages of several 
amino-acids proteins are formed in the following stages: 
amino-acids» polypeptides—- peptones — proteoses — proteins, 
It may be noted that protein synthesis and protein break- 
down go on simultaneously in the living cells. The amino- 
acids, thus formed by breakdown, may again combine into 
proteins. All plant proteins contain sulphur, and more 
complex ones like nucleoproteins also contain phosphorus. 
Sulphur and phosphorus are obtained from the soil as sul- 
phates and phosphates. Proteins cannot travel as such from 
one cell to another like amino-acids, It may further be 
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noted that protein synthesis is mostly localized in the ribo- 
somes which occur in plenty in the cytoplasm (see below). 
Some proteins may also be formed in the nucleus. Proteins 
contribute to the nourishment of plants and animals. 


DNA and Protein Synthesis. 
acids (DNA and RNA; see P. 
(see fig. 11/6) is the controlling 
thesis of proteins. It does not 


Recent brilliant researches on nucleic 
152) have established the fact’ that DNA 
centre of the cell. 


Plant. It transmits a message in coded 
form to RNA (messenger RNA or mRN 


chromosome 


phers the code, i.e, language of ph siol 
finally brings about linkage of the amino-acids i ERES is 


all plants it 
Sach species of plants. 
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value being more than double that of carbohydrates. (See 
also p. 169). 


CHAPTER 7 Special Modes of Nutrition 


Green plants are autotrophic (autos, self; trophe, food) or 
self-nourishing, that is, they are able to manufacture carbo- 
hydrates from raw or inorganic materials and thus nourish 
themselves. Non-green plants on the other hand are 
trophic (heteros, different), that is, they cannot prepare 
carbohydrates and nourish themselves. They get their sup- 
ply of carbohydrate food from different sources. They can, 
however, prepare other kinds of food. Heterotrophic plants 
are parasites, when they depend on other living plants or 
animals, and saprophytes, when they depend on the organic 
material present in the soil or in the dead bodies of plants 
and animals. Their nature and mode of nutrition have 
already been discussed (see pp. 7-9). 


Carnivorous Plants. These plants are known to capture 
lower animals of various kinds, particularly insects, They 
digest the prey and absorb the nitrogenous products (pro- 
teins) from its body. Digestion is extracellular in all carni- 
vorous plants. Being green in colour, they can manufacture 
their own carbohydrate food. Altogether over 450 species of 
carnivorous plants have till now been discovered represent- 
ing 15 genera belonging to 6 families; of-them over 30 species 
occur in India. According to the mode of catching the prey 
they may be classified into four groups. 

(a) Plants with sensitive glandular hairs on the leaf-sur- 
face, secreting a sweet sticky fluid, e.g. sundew (Drosera). 

(b) Plants with special sensitive hairs—triever hairs—on 
the leaf-surface, e.g. Venus’ fly-trap (Dionaea) and water 
fly-trap (4ldrovanda). 


(c) Plants with leaves modified into pitchers, e.g. pitcher 
plant (Nepenthes). 

(d) Plants with leafsegments modified into bladders, e.g. 
bladderwort. Bladderwoft and Aldrovanda are aquatic. 

(1) Sundew (Drosera; fig. 18)—100 sp.; only 3 sp. in India. 
They are small herbs, a few to many cm. in height. Each 
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leaf is covered on the upper surface with numerous glan- 
dular hairs known as the tentacles, Each gland secretes a 
sticky fluid which glitters in 
the sun like dew-drops and 
hence the name ‘sundew’. 
When any insect, attracted 
by the glistening fluid, which 
is possibly mistaken for honey, 
alights on the leaf, it gets en- 
tangled in the sticky fluid, 
and the tentacles bend down 
on it from all sides and cover 
it. When it is suffocated to 
death the process of digestion 
begins. The glands secrete an 
enzyme, called pepsin hydro- 
chloric acid, which acts on the 
insect and changes the pro- 
teins in its body into soluble 
and simple forms. The carbo- 
ассо materials are rejected FIG. 18. Sundew (Drosera) 
in the form of waste products, 

If the tentacles are poked with any hard 
show any movement. On the other hand, 
(evidently containing proteins) placed on 


object, they hardly 
a bit of raw meat 
the leaf induces 


FIG. 19, 
Venus’ 
fiy-trap 


(Bionaea), 
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movement, This shows that the glands are sensitive.and re- 
acts only to chemical stimulus. 

(2) Venue? Fly-trap (Dionaea; fig. 19)—1 sp. The plant is 
a native of the U.S.A. It is herbaceous in nature and grows 
in damp mossy places. Each half of the leaf-blade is pro- 
vided with three long pointed hairs—trigger hairs—placed 
triangularly on the leaf-surface. The hairs are extremely 
sensitive from base to apex., The slightest touch to any of 
these hairs is sufficient, to bring about a sudden closure of 
the leaf-blade, the mid-rib acting as the hinge. The upper 
surface of the leaf is thickly covered with reddish digestive 
glands. When the inséct is caught. or any nitrogenous mate- 
rial such as meat, fish, etc., is placed on the leaf, it closes 
suddenly and the glands begin to secrete pepsin hydrochloric 
acid. The enzyme then brings about the digestion of pro- 
teins, 

(3) Aldrovanda (figs. 20-21A:B)—1 sp. This plant is very 
widely distributed over the earth. It has been found in 


ric. 20. Water fly-trap (Aldrovanda). 


abundance in the salt-lakes of the Sundarbans, the salt-mar- 
shes.south of Calcutta, the freshwater ‘jheels’ of Bangladesh 


FIG. 21. 

A, Aldrovanda 
(an entire 
open leaf); 

В, the same ` 
(a closed leaf 
in section); 

C, a pitcher of 
Nepenthes 
(see also 
ric. 1/82). 
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and in several tanks in Manipur. Aldrovanda may be re- 
garded as a-miniature Dionaea in some respects. It is, how- 
ever, a rootless, free-floating plant with whorls of leaves, The 


mechanism for catching prey is practically the same as that 
of Dionaea, but instead of only six sensitive hairs there are 
a number of them he 


re on either side of the mid-rib, and 
the leaf is protected by some bristles, There are, of course, 
numerous digestive glands on the upper surface of the leaf, 
and the margins are beset with minute teeth pointing in- 
wards. 


Pitcher’ is 
smooth, sharp hairs, all 


first found by Hoo see i 

ultimately absorbed ire the form d iru Erg a 

and other materials remain undi E p dates 

waste products. 
(5) Bladderwort (Utricularia; fig. 22) 120 sp; 

in India, They are mostly floating gerer аусыл 

rootless aquatic herbs; there are a few terrestrial ae 

also. The leaves are ve vb hg 


ng like roots 
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animals enter by pushing the trapdoor. Once inside the 
trap (bladder) there is no escape for them. The inner sur- 


FIG, , 22. 
Bladderwort 
(Utricularia) 
with many à 
small bladders; ZS 
top, a bladder 

in section 


(magnified), A PANSA [NEE TA 
KININE 
| 37 NN : 


face of the bladder is dotted all over with numerous digestive 
glands. After the death of the animals the process of diges- 
tion begins. 


CHAPTER 8 Translocation and Storage of Food 


Translocation. Food materials are prepared mostly in the. 
leaves. From there they are translocated to the storage organs 
which.often lie at a considerable distance. For this purpose 
there are definite and distinct channels extending through 
the whole length of the plant body. These are the sieve-tubes 
and associated cells. Through them soluble proteins, amines, 
amino-acids and sugars travel downward to the storage 
organs. Such materials can easily pass through the perforated 
sieve-plates. Thé protoplasmic threads extending through 
the pores in the sieve-plates may also help in this respect. In 
the storage organs these substances are converted into in- 
soluble (complex) proteins and starch grains, and stored up 
as such. 

Later during the period of active growth— formation of 
buds and flowers—the various forms of stored food are 
rendered soluble and, therefore, suitable for travelling. Now 
an upward movement of the soluble food materials takes 
place through the phloem and finally they are brought to 


18 
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the growing organs. At this time of active growth a part of 
the food also moves upward through the xylem. ‘The forces 
responsible for the downward or upward movement of food 
through the phloem are not known. That the phloem is 
definitely the principal channel for conduction of food can 
be proved by chemical analysis of its contents. Such analysis 
reveals the presence of soluble carbohydrates (sugars), pro- 
teins and other nitrogenous compounds in it. 


Storage. Food is prepared in excess of the immedikte need 
of plants. This surplus food exists in plants in two conditions 
—cither suitable for travelling or suitable for storage. The 
travelling form is characterized by solubility, and the storage 
form by insolubility in the cell-sap. 

Storage Tissues. Tissues m 
made of living parenchy 
walls. 

simple 
chyma 


eant for storage of food are mostly 
matous cells with thin cellulose 
If the walls are thick they axe provided with many 
pits in them. AI! parts made of large-celled paren- 
always contain a certain amount of stored food. The 
Cortex of roots is particularly rich in it, as also are the large 
pith of the monocotyledonous root and that of the dicoty- 
ledonous stem. There is also a quantity of food stored up in 
the endodermis, medullary rays and xylem parenchyma of 
the stem, and border parenchyma of the leaf, Storage Organs. 
Food materials are stored up in the endosperm or in the 
thick cotyledons of the seed for the development and growth 


of the embryo. In the fleshy pericarp of the fruit there is a 
cousiderable amount of food st Food is specially 


siform, napiform, 


(Agave), purslane (Portu 
always contain a store ој 


base of kohlrabi also c г зе swollen stem- 


ontains stored food, 
Forms of Stored Food. The 


materials are stored in th 
may now be considered. 


nd oil 
Among the carbohydrates starch is gg p PPT 
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to the extent of 12-15%, and sucrose in sugarcane and beet to 
the extent of 10-15% and 10-20% respectively; inulin in the 
tuberous roots of Dahlia; reserve cellulose (see fig. 11/8) in 
the endosperm of date seed, vegetable ivory-palm seed, etc.;: 
and glycogen in fungi. Among the nitrogenous materials 
various kinds of proteins, particularly aleurone grains, are 
found in both starchy and oily seeds but bigger aleurone 
grains occur in oily seeds; pulses are rich in proteins, while 
amino-compounds are scarce in storage organs, Fats and oils 
are found in almost all living cells; they are specially 
common, however, in seeds and fruits. In oily seeds very 
little carbohydrate is found. 


Food Stored in the Seed. There is always a considerable 
amount of food stored up in the cotyledons and in the endo- 
sperm of the seed for the use of the embryo as it grows. 
Food. materials occur there in insoluble forms and these are 
first digested, ie. rendered soluble and chemically simpler 
under the action of specific enzymes (see next chapter), and 
then utilized by the embryo for its nutrition and growth. 
Common forms of such food materials are the following: 
(1) Starch is a very common form of carbohydrate stored up 
in the seed. Cereals such as rice, wheat, maize, oat, barley, 
etc., are particularly rich in starch. (2) Reserve cellulose is 
deposited as thickened cell-walls of the endosperm of many 
palm seeds, e.g. date-palm, betelnut-palm, nipa-palm, vege- 
table ivory-palm, etc. (3) Oils are deposited in most seeds 
to a greater or less extent. There is a special deposit of 
them in seeds like groundnut, gingelly, coconut, castor, 
safflower, etc. (4) proteins also occur in all seeds in varying 
quantities. In seeds like pulses they occur in fairly high 
percentage. Soyabean contains 35% or more of proteins. 
Oily seeds also contain a high percentage of proteins, e.g. 
castor seed. 


CHAPTER 9 Digestion and Assimilation of Food 


Digestion. The stored materials are generally insoluble in 
Water or cell-sap and also indiffusible, but when transloca- 
tion is necessary they are rendered soluble and diffusible by 
the action of enzymes. It is only in the soluble forms that 
food materials are absorbed by the protoplasm. This ren. 
dering of insoluble and complex food substances into soluble 
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and simpler forms suitable for translocation through the 
plant body and assimilation by the protoplasm is collectively 
known as digestion. 

The process of digestion is chiefly intracellular, that is, 
it takes place inside the cell. Extracellular digestion occurs 
in a few cases, as in the digestion of proteins by carnivorous 
plants, parasites, fungi, 


etc. Digestion, like all other physio- 
logical functions, 


is performed by the protoplasm. For this 
purpose it secretes digestive agents known as enzymes, 


Enzymes. Enzymes are organic (biological) catalysts, each 
being a certain kind of protein secreted by the living cells, 
mostly in the mitochondria, to bring about thousands of 


specific biochemical reactions in various metabolic processes 
such as photosynthesis, respiration, digestion of food, etc., 
without themselves un 


2 dergoing any chemical change in 
such reactions. Enzymes actually hasten and regulate the 
rate of.a chemical action and, therefore, but for their acti- 
vity life would have been very slow or even still. Evidently 
enzymes are of utmost importance in plant life and animal 


similation, They are soluble in water 
and, when dry, form hite amorphous powder, A tem- 
perature of 70°С. destroys th im: mes. 
Properties of Enzyme, e is 
mostly specific, iie, for a i i 
үза Egan Particular substance there is à 
starch will not act o 


never exhausted; a small quantit 
unlimited supply of the substance, provided that the pro- 
ducts of digestion are removed from the seat of its activity: 
(3) The enzyme acts as a catalytic agent: this means that the 
presence of the enzyme induces some chemical action in the 
substance without itself underg ing any change. Thus the 
enzyme may be regarded as a specific organic ^u M 
Kinds of Enzyme: 


з and Nature of Digestion 
l Diastase cony 
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Cellulase converts cellulose into glucose. 
Cytase converts hemicellulose into glucose. 
Inulase changes inulin into fructose. 

Pepsin changes proteins into peptones. 
Trypsin transforms proteins into amino-acids. 
Erepsin transforms peptones into amino-acids. 

10 Lipase breaks up fats into fatty acids and glycerine. 
Assimilation. Assimilation is the absorption of the simplest 
products of digestion of foodstuff by the protoplasm into its 
own body and conversion of these products into the similar 
complex constituents of the protoplasm (the term assimilate 
means to make similar). The various kinds of carbohydrates 
are converted into sugar, particularly glucose, and the various 
kinds of proteins converted into peptones and amino-acids. 
These simplest products of digestion travel to the growing 
regions where the protoplasm is very active. Here glucose 
is mostly broken down during respiration, releasing energy; 
while the digested products of proteins are assimilated by 
the protoplasm into its own body. We know that the proto- 
plasm itself is a living substance composed of very complex 
proteins. The food proteins are, therefore, changed into com- 
plex protoplasmic proteins, i.e. into ‘live’ proteins or, in 
other words, food passes from non-life into life, that is, proto- 
plasm. This is the goal of nourishment. How this myste- 
tious change takes place we do not know. We know only 
that the protoplasm has the power of bringing it about. 


(Q0) мох р 


CHAPTER 10 Respiration 


Respiration is essentially a process of oxidation and decom: 
position of organic compounds, particularly simple carbohy- 
drates such as glucose in the living cells with the release of 
energy. "The most important feature of respiration is that 
by this oxidative process the potential energy stored in the 
organic compounds in living cells is released in a stepwise 
manner in the form of active or kinetic energy under the 
influence of a series of enzymes and is made available, partly 
at least, to the protoplasm for its manifold activities such as 
manufacture of food, growth, movements, reproduction, etc. 
Often a considerable amount of energy escapes from the 
Plant body in the form of heat, as seen in germinating seeds, 
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It is principally glucose that undergoes oxidation, but some- 
times in its absence other materials like fats, proteins, OY- 
ganic acids and even protoplasm under extreme conditions 
may also be oxidized. The main facts associated with respi- 
ration are: (1) consumption of atmospheric oxygen, (2) ox! 
dation and decomposition of a portion of the stored food 
resulting in a loss of dry weight as seen in the seeds germi- 
nating in the dark, (3) liberation of carbon dioxide and a 
small quantity of water (the volume of CO, liberated being 
equal to the volume of O, consumed), and above all (4) re- 
-lease of energy by the breakdown of organic food. The over- 
allichemical reaction may be stated thus: C,H,,0, +60, > 
6CO,+6H,O¢ Energy (sugar--oxygen-* carbon dioxide + 
water + energy). This shows that for oxidation of one mole- 
culé of sugar six molecules of oxygen are used and that six 
molecules each of CO, and H,O are formed. By burning 
sugar at a high temperature CO, and H,O are also formed, 
but in the living cells this process is carried on by a series 
of enzymes at a comparatively low temperature. 

All the living cells of the plant, however deeply seated 
they may be, must respire day and night in order to live. 
In the process they are continually absorbing oxygen and 
giving out carbon dioxide. If the supply of air is cut off 
by growing the plant in an atmosphere devoid of oxygen, 
it soon dies. Growing organs, such as the fl 
Gn E MANARE I DNE Lh» andron 
slowly. Entry of oxygen and exit of mon Er EM 
take place through the stomata, and in shrubs and t d 
through lenticels also (see fig. 11/58). For diffusion of ue 
through the plant body a network of intercellular S s 
and air-cavities develops in it. MESA 
It, Norm c ечыгийов (ac, ait; ол, not; bios 
v „ее oxygen is used in respiration resulting 
1n complete oxidation of stored food and formati. f car- 
bon dioxide and water as end products; this is aa en 
aerobic respiration. A considerable amount of en n re- 
leased by this process as represented by th DAR, : 
C,H4,0,--60,— 6CO,+6H,0 +674 ke. c; CI ere 
— carbon dioxide + water +674 k focal leant eyes 
certain conditions, as in the ab Ыр е ишк. Under 

absence of free oxygen, many 


oral and vege- 


RESPIRATION 279 


tissues of higher plants, seeds in storage, fleshy fruits and 
succulent plants like cacti temporarily take to a kind of res- 
piration, called anaerobic respiration, which results in in- 
complete oxidation of stored food and formation of carbon 
dioxide and ethyl alcohol; and sometimes also various orga- 
nic acids such as malic, citric, oxalic, tartaric, etc. Very little 
energy is released by this process to maintain the activity 
of the protoplasm. This may be represented by the equa- 
tion: C,H,,0.> 2C,H,OH + 2C0, +28 kg. cal. (sugar — 
ethyl alcohol + carbon dioxide + 28 kg. cal. of energy). It is 
otherwise known as intramolecular respiration. Anaerobic 
respiration may continue only for a limited period of time, 
at most a few days, after which death ensues. Gertain bac- 
teria and fungi normally take to anaerobic respiration for 
release of energy. 


Experiment 14. Respiration (fig. 23). A flask with a bent bulb, called 
respiroscope (or an ordinary long-necked flask) with some germinating 
seeds in it is inverted over a beaker containing a good quantity of mercury. 
A small caustic potash stick is introduced into the flask, The respiroscope 
is fixed in a vertical position with a suitable stand and clamp. The en- 
closed air in the flask is completely cut off from the outside atmosphere. 
Now leave the apparatus in this position for some hours, preferably till the 
next day. It will then be seen that mercury has risen in the flask to the 
extent of nearly one-fifth the total volume of the flask, The rise of the 
mercury is evidently due to absorption of a certain volume of gas contained 
in the flask. Since caustic potash absorbs carbon'dioxide, it may be safely 
inferred that the gas absorbed is carbon dioxide. This gas must have been 
exhaled by the germinating seeds during respiration. 

Note. Instead of mercury, water may be used, гапа a short test-tube with. 
a small piece of caustic potash stick in it floated on water inside the res- 
he rise of water will be one-fifth the, total volume of the 
This indícates that the volume of carbon dioxide evolved is 
ume of oxygen absorbed since oxygen occupies one-fifth the 


piroscope. Th 
enclosed air. 
equal to the vol 
total volume of air. 

15. Anaerobic respiration (fig. 24). Completely fill a short 
narrow test-tube with mercury (M), close it with the thumb aud invert it 
over mercury contained in a beaker, Keep the tube in a vertical position 
with a suitable stand. Take somc germinating seeds, and remove the seed- 
coats from them to get rid of the enclosed air (oxygen) "With the help 
of forceps hold the skinned seeds under the test-tube, and release them 
one after another. As soon as released the seeds rise to the closed end 
of the tube, Introduce in this way five or six seeds. They are now free 
from oxygen. Prior to their introduction it is better to soak the seeds in 
distilled water. This keeps the seeds moist. Note on the following day 
that the mercury column has been pushed down, owing to the exhalation 
of a gas (G) by the seeds, Within one or two days nearly the whole of 
the mercury is seen to be pushed out of the tube. Introduce a small piece 


Experiment 
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of caustic potash stick into the test-tube with the help of the forceps. It 
floats on mercury and, coming in contact with the gas, absorbs it quickly. 


FIG, 28 


FIG. 24 


. Aerobic respiration, ric, 94. 
ramolecular respiration, S, seeds; C, caustic potash 
stick; M, mercury; G, gas. 


Experiments on Respiration. ric. 23 
Anaerobic or int 


The mercury тї 


Ses again and fills up the test-tube, The gas evidently is 
carbon dioxide, 


free energy by 
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weight of the plant. This is believed to be due to the escape 
of carbon dioxide. 


Experiment 16. Heat gene- 
rated in respiration (fig. 25). 
Take two thermoflasks, and fill 
one of them (A) with germi- 
nating seeds and the other (B) 
with the same killed by boil- 
ing for a few minutes and then 
soaked in 5% formalin to pre- 
vent any fermentation in the 
flask generating heat. Insert a 
sensitive thermometer in each as 
shown in the figure and pack 
the mouth of the flask with 
cotton, It is better to place, 
half-immersed in the lump of 
seeds, a small test-tube contain- 
ing a small piece of caustic po- 
tash stick, Wait for some time 
and note a remarkable rise in 
temperature in the case of flask 
A containing germinating seeds; ric. 25. Experiment to show that heat 
while flask B containing killed is generated in respiration (see text). 
seeds shows no rise of tempera- 

ture (the dotted line indicating the original temperature), This evidently 


proves that heat is evolved in respiration. 


Mechanism of Respiration. Chemical reactions in respira- 
tion (from the breakdown of glucose to the release of CO, 
and H,O) are many and varied but proceed in a stepwise 
manner under the action of а group of complex enzymes. 
The whole process of respiration is, however, complete in 
two distinct phases: an anaerobic phase and an aerobic 
phase. Several reactions take place in each phase, and each 
is controlled by a specific enzyme. : 

Anaerobic Phase. This is the initial phase of respiration 
in which a simple carbohydrate like glucose (C,H,,0,) 
undergoes incomplete oxidation leading to the formation of 
pyruvic acid (C,H,O;). This phase is called glycolysis, and 
it takes place in the absence of oxygen (strictly speaking, it 
does not require oxygen for the reactions of this phase). Glu- 
cose is first phosphorylated, i.e. a phosphate group added to it 
by ATP (an active energy-rich phosphate compound) formed 
in the mitochondria (see pp. 156-57). Glucose phosphate 
is formed. Reactions, each controlled by a specific enzyme, 
follow in quick succession, thus: glucose phosphate > fruc- 
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tose diphosphate Phosphoglyceraideh 


PART III 


SenCe Of OXygen, pyruvic acid is 


;H;,OH) and CO,, 
and also into some organic acids (fatty acids, some amino- 


Aerobic Phase, With the : 
completely oxidized by a group of enzymes, called’ oxidases, 
into CO, and H,O. At f 
3-carbon acid) an acti 
called active acetate. 
a molecule of CO, i 


Б 3 ome of the 
amino-acids, Particularly glutamic acid (see p, 266), are 
formed from 1. Reactions Continue... s 


E n acid) — 
- Oxalacetic acid, 
nerated as the end-product of the Krebs cycle, again reacts 
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with acetyFcoenzyme А to maintain the continuity of the 
process without interruption. It may be ‘noted that there , 
is a net yield of 38 mols. of ATP and 6 mols. of CO, from 
complete oxidation of 1 mol. of glucose. Mitochondria with 
ATP and necessary enzymes formed in them appear to be 
the centres. of respiration particularly its aerobic phase. The 
outline of the Krebs cycle is given below in a tabular form 
(the ‘number of carbon atoms may be specially noted in 
each acid). 


pyruvic acid (C,H,O,) 
CO, 
acetyl-coenzyme A 


oxalacetic acid ~> citric acid 


(4-0) 2-0) . 6-С) 

malic acid cis-aconitic acid 
(4-0) (6-0) 

fumaric acid Krebs Cycle isocitric acid 
(4-0) [eo 

succinic acid oxalosuccinic acid 
4 (6-C) 
9 « -ketoglutaric acid ig 


5-0) 


Conditions Affecting Respiration. (1) Oxygen. The presence 
of free oxygen is the most essential condition since respi- 
ration is mainly an oxidation process, particularly its aero- 
bic phase. Thus a fall in the concentration of oxygen in 
the surrounding air markedly affects the process. Under 
this condition the process slows down and may even come 
to a standstill below 5% concentration. With the increase in 
concentration the rate of respiration ihcreases but not far 
beyond the normal rate. (2) Temperature. This also markedly 
affects the rate of respiration. The mirfimum rate is reached 
at 0°C., and the maximum at 45°С. юг even at 40°С. 
Beyond these limits the protoplasm is injured. (3) Light. 
Its effect is only indirect; in bright sunlight, however, the 
respiratory “activity is greater than in subdued light, pos- 
sibly because under this condition the stomata remain wide 
open helping free exchange of gases. (4) Water. Protoplasm 
saturated with water respires more vigorously than in desic. 


284 A CLASS-BOOK OF BOTANY PART Ш 


cated condition, as in dry seeds. (5) Vitality of Cells. Res- 
piration in young active cells is always more rapid than in 
old cells. Thus it is seen that vegetative buds, floral buds 
and germinating seeds respire more vigorously than the 
older parts of the plant. (6) Carbon dioxide Concentration. 
If CO, be allowed to accumulate as a result of respiration, 
the process slows down and may even altogether stop, (7) 
Nutritive Materials. Soluble carbohydrates like glucose affects 


respiration markedly since this is quickly broken down in 
the process releasing energy. 


Respiration and Photosynthesis, (1) In res 
utilize oxygen and give out carbon dioxide, while in photo- 
synthesis plants utilize carbon dioxide and give out oxygen;_ 


that is, one process is just the reverse of the other. 


(2) Respiration is a destructive (catabolic) process, but 
photosynthesis is a constructive (anabolic) process. In the 
former process sugar is broken down into CO, and H,O with 
the liberation of energy, while in the latter process CO, and 
Н.О are utilized to build up sugar with the storage of energy. 
Respiration is thus a breaking-down process, and photosyn- 
thesis a building-up process, d 

(8) The intermediate chemical reactions in the breakdown 
of sugar in respiration and those in the Synthesis of sugar 1 

à gar in 
photosynthesis are much the same, In both processes phos- 
Prud оа я enting an intermediate 

4) Respiration is performed by al ivi 
"m at all times, ie. it is independent iE Cells of the 


piration plants 


epres 


tion of sugar, starch, etc. : 
body. €., which 


Fermentation is the i 
s Incomplete oxidat; 
Sularly glucose) into al Т шы sugars (parti- 


cohol and carbon dioxide under the 
E N 
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influence of several species of yeast and bacteria in the ab- 
sence of oxygen. The change is due to the action of an 
enzyme, known as zymase, secreted by the micro-organisms, 
and not due to their direct action on sugar. Fermentation 
is most readily seen in date-palm juice, where sugar is 
broken up by unicellular yeast plants into alcohol and car- 
bon dioxide, the frothing being due to the formation of 
this gas. The process is analogous to anaerobic respiration 
and may be represented by an identical formula—C,H;;O, 
4+zymase—> 2C,H,OH + 2CO,+zymase (sugar  zymase —» 
alcohol+ carbon dioxide +zymase+ energy). The release of 
energy in fermentation is due to rearrangements of mole- 
cules in the compounds acted on. The process of fermen- 
tation is, therefore, also called intramolecular respiration. 
Little energy is released by this process, but it suffices for 
the activity of the anaerobic micro-organisms. There are 
other types of fermentation, e.g. acetic acid fermentation, 
i.e. conversion of alcohol into acetic acid (vinegar)) by acetic 
acid bacteria, lactic acid fermentation (souring of milk), i.e. 
conversion of milk sugar into lactic acid by lactic acid bac- 
teria, etc. Some of the fermentation processes leading to the 
production of alcohol, vinegar, etc., manufacture of flavoured 
butter and cheese, conversion of hide into leather, retting 
of jute, etc, are of great commercial importance. It may 
be noted that the organic products formed by the ferment- 
ing micro-organisms act as toxic to them. This checks 
their unlimited growth and multiplication in nature. 


CHAPTER ll Metabolism 


Two series of chemical changes or processes are simultane- 
ously going on in a plant cell, one leading finally to the con- 
struction Or building-up of the protoplasm, and the other to 
its decomposition or breaking-down. These processes, which 
are constructive on the one hand and destructive on the 
other, are together known as metabolism. Metabolism takes 
placé only in the living cells, and is one of the characteristic 
signs of life. The processes that lead to the construction of 
various food materials and other organic compounds and 
finally of protoplasm are together known as anabolism, and 


those processes leading to their destruction or breaking-down 
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as catabolism. The main anabolic or constructive changes 
are: formation of sugars and other carbohydrates, formation 
of proteins, and formation of fats and oils. These changes 
or processes are regarded as anabolic because the protoplasm 
continually reconstructs itself with these nutritive substances. 
By anabolism a considerable amount of fotential energy is 
stored in those substances for future use of the protoplasm. 
The main catabolic or destructive processes are: digestion, 
respiration and fermentation. By these processes complex 
food substances are gradually broken down into simpler 
products, e.g. various carbohydrates into glucose, various 
proteins into amines and amino-acids, and fats and oils into 
fatty acids and glycerine. The potential energy already stored 


up in them is released by catabolism into kinetic energy for 
manifold activities of the protoplasm. Carbon dioxide and 
water are formed as a result 


Я С as of complete oxidation of glucose 
in aerobic respiration, and alcohols and organic acids as a 
result of incomplete oxidation of glucose in anaerobic respi- 
ration or fermentation, Various secretory products such as 
enzymes, vitamins, hormones cellulose, nectar, еіс, and 
various waste products such as tannins, essential oils, gums, 
resins, etc., are the results of catabolic processes, 


B. PHYSIOLOGY OF GROWTH 
AND MOVEMENTS 


CHAPTER 12 Growth 
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of 46-60 cm. a day; Asparagus shoot 30 cm. a day; some clim- 
bers, e.g. Ipomoea nil and some. lianes, e.g. wood-rose (I. 
tuberosa) 20 cm. 
a day; inflores- 
cence axis of 
Agave l5cm. a 
day; and tendrils 
of some Cucur- 
bita 16cm. an 
hour. 


Experiment 17. 
Growth in Length of 
the Shoot. The are 
indicator is an ins- 
trument by means of 
which a small increase 
in length can be mag- 
nifed many times, 
From this total known 
magnification record- 
ed by the instrument 
the actual length at- 
= tained Бу а plant 


тїс. 26, Arc indicator or lever апхапоте(ег. 


ithi in * i ime can easily be calculated. 

E К КУРЕ, punc ap a SE lever or indicator fixed to a 
wheel and a graduated arc fixed to a stand. A си pase iud ерее 
One end of the cord is tied round or gummed to t саргы нече, ша 
from. the other end a small weight is suspended to p t е осор des 
the stem increases in length the wheel rotates under the sus lao > weig e 
nd the indicator moves down the graduated arc. The growth in length o 
Ate thus recorded by the instrument on a magnified scale. From the 
btained the actual increase in length of the gem is calculated; 
for instance, if the lever has traversed a distance of 45 cm, in 2 шь, 

nification is 90 times, the actual growth in the same peti: is 
us uns GN 0.5 cm. or 5 mm. and, therefore, in one hour the actual 


growth of the plant is yy mm., i.e, 0.2 mm, : : 
Conditions necessary for Growth. Since growth is brought 
about by the protoplasm, the conditions necessary for growth 
ape the same as those that maintain the activity of the proto- 
a see p. 230). (1) ^ supply of Yood is indispensable for 
NR ic is the source of necessary nutritive materials 
fane for growth and is also a source of energy to the 
proedplatint (2) An adequate supply of water maintains the 
turgidity of the growing cells and the activity of the proto- 
plasm. (3) A supply of oxygen is indispensable for respira- 
tion of all the living cells. Respiration releases energy stored 
in the food for the manifold activities of the protoplasm. 


the plant is 
record thus o! 


[i 
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(4) An average temperature of more or less 30°C. is very 
suitable for protoplasmic activities and growth of the plant 
body. (5) The force of gravity determines the direction of 
growth of certain organs, e.g. the root downw 
this force, while the stem upwards away 
tain intensity of light maintains the he: 


ards towards 
from it. (6) A cer- 
althy condition of 


FIG, 27. Effect of li 


gourd seedlings; right, gram Seedlings. A, grown in light; B, grown 


in darkness. 


Bht and darkness on the growth of seedlings, Left, 


plants. Strong li 
daytime, while continued absence of li 


Phases of Growth (fig. 28). Growth does not take place 
throughout the whole length of the plant body, pes ees 
localized in Special regions called meristems which may: be 
apical, lateral, or intercalary, The growth in length is due 

ment and elongation of the cells of the 
root-apex and stem. 
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history of growth of any organ of a plant be followed three 
phases can be recognized in it. 

L The Formative Phase. It is restricted to the apical 
meristem of the root and the stem. The cells of this region 
are constantly divid 
ing and multiplying in 
number. They are cha- 
racterized by abundant 
protoplasm, a large nu- 
cleus and thin cellu- 
lose wall. 

2. The Phase of 
Elongation. It lies im- 
mediately behind the 
formative phase. The 
tells no longer divide ric. 28. Phases of growth of root, 
in this phase, but they 
increase in size; they begin to enlarge and elongate until 
they reach their maximum dimension. In the root this phase 
occupies a length of a few millimetres, and in the stem a 
few centimetres. In some of the climbers it may occupy a 
much longer space than this. | 

3. The Phase of Maturation. ‘This phase lies further back. 
Here the cells have already reached their permanent size; 
the thickening of the cell-wall takes place in this phase. 
Grand Period of Growth. Every organ of the plant body, 
in fact every cell that the organ is composed of, shows a 
variation in the rate of its growth. The growth is at first 
slow, then it accelerates until a maximum is attained, then 
it falls off rather quickly, and gradually slows down until 
it comes to a standstill. This growth of an organ or a cell 
or the plant as a whole extending over the whole period is 
called the grand period of growth. Within the grand period 
variations in growth occur owing to external and other 
causes. There is thus the diurnal variation of growth. Light 
inhibits growth, and too intense light even checks it al. 
together. Thus plants grow quicker during the night than 
during the day. During the night the retarding er inhibit. 
ing action of light is removed, and the rate of growth of a 
plant gradually increases until dawn; while during the day 
the rate of growth gradually decreases until about sunset. 


19 
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There is also seasonal variation of growth; during winter 
the growth of many plants is checked or becomes very slow. 
but during spring growth proceeds rapidly. d 
Hormones. It is now definitely known that certain organic products US 
in very minute quantities as a result of metabolism inside ihe plant n 
have a profound influence on. the growth of the plant organs and on ie 
various kinds of tropic movements exhibited by such organs; they also ha 
a marked effect on certain physiological processes. They are known as ie 
hormones or growth-regulating substances, They are formed in one par 
of the plant body, chiefly in the apical meristem, and transported ee 
there to another part to produce a particular physiological effect there. a 
presence of hormones was first demonstrated by experimental methods. : 
has now been possible to extract them from plants by appropriate chemical 
methods. At low concentration they stimulate - У 
growth, while at high concentration they retard 
growth. Of the various plant hormones (phytohor- 
mones) discovered till now . auxins (auxin:A and 
auxin B) and heteroauxin (indole-acetic acid—IAA, 
first. isolated from human uriné) are best known 
for their physiological actions, chemical composi- 
tion and -distribution in plants. Certain synthetic 
compounds such as indolyl-butyric acid also zct as 
hormones, Heteroauxin causes the formation of 
roots in stem-cuttings, leaf-cuttings (ig. 29) and in 
grafting. Auxins are responsible for fruit deve- 
lopment, seed germination, seedling growth and 
growth of plant organs; they also stimulate cell 
divisions in the meristematic tissue, and influence 
certain physiological processes; also, the role of hor- 
mones in tropic responses has now been well estab- 
lished. Thus phototropism and geotropism are 
now explained on a hormonal basis. Hormones 1cs. 


ponsible for the development of the root, stem, 
leaf, flower, fruit, etc., 


have also been discovered. i 
Vitamins. Vitamins are a group of complex ES Fic. 29. Root formats 
nic (biochemical) Products of plants, essentially ге. _ i dn df ien 
1 functioning! Pme. treated м 
ons- nutrition. indolyl butyric acid. 


n Proved to be most valuable in prevent 
псу. diseases 
and general | debility), po i^ Such as scury 


» Tickets, malnutrition, loss of appetite» 
poor physical Browth, eye infecti , 
ihe 'abecuce: of Vitae ie he шоп; nervous breakdown, etc., caused 
testinal troubles, 
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required only in minute quantities for a particular effect and they are 
uscd up in the metabolic processes. They are mostly synthesized by plants 
and stored up in their different organs, Plants are, therefore, the main 
sources of vitamins for animals including human beings. It has now been 
possible to synthesize some of the vitamins, particularly vitamins A, C and 
D. on a commercial scale, Some of the well-known vitamins are as follows: 


Vitamin A is a growth-promoting vitamin; soluble in fats and oils; 
fairly resistant to heat. It increases resistance to bacterial infections of the 
lungs and the intestines, prevents many eye-diseases, particularly night- 
blindness, and cures skin-diseases and nervous weakness, Carotene of green 
plants is the source of this vitamin, and animals can synthesize it in their 
body by taking food containing carotene of plants. Vitamin A is found 
in carrot, green leafy vegetables (spinach, lettuce, cabbage, etc.), cereals 
(particularly in their pericarp), pulses, many fruits (particularly yellow 
ones such as tomato, mango, orange, apple, papaw, etc.), fish-liver oils 
(e.g. cod-liver oil and halibut-liver oil), liver of mammals, milk, butter, 
egg-yolk, etc, 


Vitamin B consists of a group of closely allied vitamins, commonly 
called vitamin В complex; they are soluble or sparingly soluble in water 
and more or less resistant to heat. Of these vitamin B, (soluble in water 
and not very resistant to heat) prevents beri-beri (accumulation of water 
in the body resulting in serious diseases). Beri-beri was for a long ‘time 
a dreaded disease in the rice-eating countries of India, Malaya, China and 
Japan. Polished rice (evidently something removed from its Pericarp, now 
known to be this vitamin) was found to be the cause of this disease which 
resulted in immense suffering and innumerable deaths. Other vitamins of 
this group are B,, B,, B,,, etc., each having its own function, Vitamin B 
complex is very widely distributed in plants. One or more of them are 
found in dry yeast, cereals, pulscs, most vegetables, many fruits (e.g. 
orange, banana, apple, tomato, ctc.), nuts, milk, cheese, egg, meat, fish, 
liver, etc. 

Vitamin C (soluble in water and sensitive to heat, and therefore lost by 
cooking) prevents scurvy, mental depression, swelling and bleeding of gums, 
and degeneraticn of teeth. It removes intestinal trouble, ‘and activates 
metabolism. It is found in most fresh fruits (particularly orange, lemon, 
pummelo, tomato, pineapple, guava, papaw, etc.), green vegetables, sprout- 
ed pulses and cereals. 

Vitamin D cannot stand strong light; otherwise it is sufficiently stable. 
Its deficiency causes rickets, softening of bones, dental caries, poor develop- 
ment of teeth, and inhibits proper absorption of calcium and phosphates, 
It is commonly found in dry yeast, butter, egg-yolk, fish and fish liver 
oils. Vitamin D can be produced in the human body by the action of 
ultraviolet ray (in sunlight or electricity) on the skin, It is formed from 
ergosterol when the latter is exposed to sunlight, Ergosterol, it may be 
noted, is widely distributed in plants and animals. 


Vitamin E is resistant to heat and light but destroyed by ultraviolet 
ray. Its deficiency causes sterility in animals (not yet definitely proved 
in the case of human beings) and degeneration of muscles, It is found in 
Breen vegetables, germinating grains, wheat embryo, etc. 

To summarize, it may be said that our daily diet should include at feast 
some of the following, as sources of vitamins, in addition to cereals and 
PSY vegetables, fruits including tomato, some of the ' vegetable 
oik, EO milk products, eggs, animal liver, fish, meat, etc, 
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CHAPTER 13 Movements 


Movement is a sign of life. But most plants are fixed to the- 
ground and cannot move bodily. Protoplasm, however, 15 
sensitive to various external factors which act as stimuli, 
such as heat, light, gravity, certain chemicals, electricity, 
etc., and many piant organs or entire free organisms respond 
to them by some kind of movement. The capacity of plants 
or their particular organs to receive stimuli from outside 
and to respond to them is spoken of as irritability. Irritabi- 
lity expresses itself in some kind of movement and is a decid- 
ed advantage to the plants. in many respects. The various 
kinds of movements may be broadly classified into (1) move-- 
ments of locomotion, and (IT) movements of curvatute. 

(1) Movements of Locomotion. These are the move- 
tents exhibited by free unicellular or multicellular organs 
or entire organisms, or of protoplasin within the cell. They 


may be (A) spontaneous (or autonomic) and (B) induced 
(or paratonic). 


A. Spontaneous movement of locomotion is the move- 
ment of certain minute free organs of plants or of entire free 
organisms of their own accord, i.e. without the influence of 
any external factor; it may be due to some internal cause 
not clearly understood. Common instances are: rotation 
and circulation of protoplasm within the cell, ciliary and 
amoeboid movements of protoplasm, movements of all ciliate 
bodies, oscillating movement of Oscillatoria (see fig. V/1), 


brisk movements of many unicellular al i ids 
and diatoms, etc. RAE dem 


(1) chemotaxis when influenced bY 
Chemical substances, (9 hot i in cina 
light, and (3) mo owed MdL e M 
(11) Movements of 
of certain organs of hi 


igher plants which being fixed to the 
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ground cannot bodily move. The movements shown by such 
organs are of different kinds, and broadly they may be 
mechanical or vital. The latter may again be spontaneous 
(or autonomic) and induced (or paratonic). 

A. Mechanical movement is the movement of certain 
non-living organs of plants. Since this kind of movement 
has a definite relation with water, either quickly imbibing 
it or quickly losing it, this is otherwise known аз hygro- 
scopic movement. 'This kind of movement is exhibited by 
the bursting of explosive fruits, e.g. Ruellia (see fig. 1/159), 
Barleria, Phlox, Bauhinia vahlii (see. fig. 1/160), etc., and 
by the bursting of moss and fern capsules. Besides, it is seen 
that-the elaters of Equisetum spore coil round it when the 
air is moist, and they uncoil and stand out stiffly when the 
air is dry (see fig. V/86D-E). 

B. Spontaneous movements of curvature 
exhibited by plant organs may be of the 
following two kinds: 

(1) Movement of variation is the move- 
ment of mature organs due to variation in 
turgidity of the cells making up those or- 
gans. It is somewhat rapid, but instances 
are rather rare. The spontaneous movement 
of variation is, however, very remarkably 
exhibited by the pulsation, ie. the rising 
and falling of the two lateral leaflets of the 
Indian telegraph plant (Desmodium gy- 
rans; fig. 30) during the daytime, the termi- 
nal leaflet remaining fixed in its position. 

(2) Movement of ота Mete mm 
ment of growing organs due to unequa 
growth on different sides of those organs. Edd ү Soc S 
It is very slow. This kind of movement is plant showing 
seen in some trailers and creepers. In them eure move- 
the growth may be restricted to one side ateral ian P 
of the stem for some time and then it j 
passes on to the opposite side. In such an event the stem tip 
moves from one side to the other, i.e., it follows a zigzag course 
(mutation). More commonly the region of growth passes tegu- 
larly around the stem (cireumnutation), as in tendrils an d 
twiners. Further, it is seen that young fern leaves at Bs 
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remain closely coiled because of more rapid grówth on the 
undersurface (hyponasty) Later growth is more rapid. on 
the upper surface (epinasty) and the leaves uncoil and straigh- 


ten out. Opening of flowers is also a kind of growth move- 
ment. 


C. Induced movements of curvature are those move- 
ments exhibited by certain plant organs under the influence 
of some external factors, particularly contact with a foreign 
body, light, gravity, and moisture,. Which act as stimuli. 
Such movements, as induced by external factors, may 
broadly be of two kinds: (а) tropisms and (b) nasties. А 

ts are the movements of 
plant organs influenced by external stimuli, particularly con- 
tact, light, gravity and moisture, Tropic movement is always 


r n box (heliotropic chamber: fig. 31) 
with one open window on one side, They aller t ў 


о grow 
towards the source of light, and 
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ultimately come out through it. The flower-stalk of ground- 
nut.(fig. 32) grows towards light, but after pollination it 
becomes negatively helio- $ 
tropic and positively geo- 
tropic like the root. The 
stalk bends down and 
quickly elongates, pushing 
‘the fertilized ovary into 
the ground where gradu- 
ally the ovary ripens into a рафг 
pod (fruit). Some species FIG. УЬ Heliotropic chamber. 

of Trifolium also exhibit the same phenomenon. In Eucalyp- 
tus it is seen that the edge of the leaf is turned towards in- 
tense light, and when the light is diffuse the leaf turns and’ 
its surface is exposed to it (the light). 

(3) Geotropism is the movement of plant organs in res- 
ponse to the force of gravity.. Geotropism has a marked 
effect on the direction of growth of plant organs. The 
primary root is seen to grow towards the centre of gravity, 


Fic. 32. Groundnut 4 n 
showing that the А) (I 
flower-stalk is nega- X) EF 
tively heliotropic and < Ys 
positively geotropic «УХ 

after pollination of MM 
the flower, f 


and the primary shoot away from it. The former is, there- 
fore, said to be positively geotropic, and the latter negatively 
geotropic. 'The lateral roots and the brariches usually grow 
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at right angles to the force of gravity and are said to hr 
diageotropic. That the direction of growth is determined by 
the stimulating action of the force of gravity is clearly seen 
in a seedling which has been placed in a horizontal position 
away from light. Both the stem and the root undergo 
curvature in their growing region behind the apex, passing 
through an angle of 90°; the root curves and grows vertically 
downwards, as does the stem upwards. It is the very tip 
of the root, for a distance of 1 to 2mm. in length, that 15 
sensitive to this stimulus; but the actual bending takes place 
some distance behind the tip in the region of greatest 
growth. If the tip of the root be decapitated, no bending 


takes place. Besides, it is seen that the root of a germinating 
sced can, under the 


force of gravity, grow downwards even 
through mercury overcoming considerable pressure. Further, 
it has been found possible with the help of a clinostat 
(fig. 33) to eliminate 


the effect of Seotropic stimulus on the 
root and the shoot by introducing a centrifugal force (see 
Experiment 18). 


FIG. 33. Clinostat in the horizontal 


of the force о 
18. Geotropism, A 


Position to eliminate the effect 

f gravity, 

; п clinostat (fig. 33) may be used to 
Scotropism. A clinostat is an instrument by which the effect 
ight and the force of i 


Experiment 
demonstrate 
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sideways so that the force of gravity cannot act on any definite position. 
This results in the effect of the force being eliminated altogether. The 
root and the stem cannot, therefore, bend. If, however, the plant be fixed 
in a vertical position and the clinostat rotated, it is seen that the plant 

downwards and the stem upwards. 


grows in a vertical direction—the root 
(4) Hydrotropism is the movement of an organ in response 
to the stimulus of moisture. Roots are sensitive to variations 


in the amount of moisture. "They show a tendency to grow 
towards the source of moisture, and are said to be positively 
hydrotropic. Yt is seen that roots of plants, growing in a 
hanging basket made of wirenetting and filled with moist 
sawdust, project downwards at first, coming out of the bas- 


ket, under the influence of the force of moisture (moist 
sawdust of the basket), 


but turn back and pass again into 
the basket having formed loops. 


Experiment 19. Hydrotropism. A porous 
is placed on à wide-mou 


clay funnel, covered around 
With a filter paper, !5 thed glass bottle (or hyacinth 

glass) filled with water, as shown in fig. 34, The 
aper is thus kept moist. The porous funnel 
is filled with dry sawdust and the -oaked seeds 
d in a circle, seach near à. pore. It is 


are arrange А 
necessary tO add a few drops of water now and 


then to the seeds to help their germination, As 
they germinate it is seen that the roots, instead 
of going vertically downwards in response to the 
force of gravity, pass out thtough the pores to- 
the moist filter paper outside and grow 
downwards alongside the paper into the bottle, 
Roots thus show movements towards moisture, or, 
in other words, they are positively hydrotropic. 
(b) Nasties or nastic movements are the move- 
ments of mainly dorsiventral organs like leaves 
and petals, induced by-external stimuli such as 
: contact, light and temperature. But these move- 
ric, 34. Experiment ments are not directive, as are the tropisms, i.e. 
movement is not determined by 


on hydrotropism. the direction of 
the direction of the stimulus; in other words, 


whatever be the direction of the stimulus it equally affects all parts of the 
organs, and they always move in the same Way and in the same direction. 
Two kinds of such movements are conspicuous, a8 follows. 

(1) Seismonasty is the movement brought about by mechanical stimuli 
such as contact with a foreign body, poking with any hard object, drops 
of rain, a gust of wind, etc. Movements of the leaves (leaflets) of the sensi- 
tive plant (Mimosa; BE. 97». the sensitive wood-sorrel (Biophytum; B. BAN- 
NARANGA; H. rayatu—fig. 95). Neptunia. (B. PANI-LAJUE), carambola (Aver- 
rhoa; B. KAMRANGA; E^. KAMRABH), Ete, are familiar examples. Leaflets of 
such plants close up when touched. The Venus’ fly-trap (Dionaea; see 

ing example. E 


fig. 19) is another very interesting 
s the movement induced by alternation of day and 


(2) Nyetinasty Ё - ы 
nd darkness. It is otnerwise called sleep movement 


night, i.e. light 2 k 
Leaves and fiowers, particularly the former, are markedly affected by 
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FIG. 35. Sensitive Wood-sorrel FIG. 36. Sensitive plan 
(Biophytum Sensitivum), 


(Mimosa Pudica), 


ls, and they open "Up. 
"B. A few other plants like 
* BATHUA-SAK), carambola (Averrhoa; В. 
А; H. KAMRAKR), Wood-sorre| is), etc., also ee the same 
mention may be made 
or garden Variety), etc. 


of Gerbera (a garden 
Movements in Plants 


|—ciliary 
[7 rontaneous—___ amoeboid rotation 
—cycosis— — о! 
Movements Em ser 
Locomotion 
} —chemotaxis 
eee eR taxic—__| Phototaxis 
, j —thermotaxis 
Bon 2 o RN hygroscopic 
| movements 
—mMovements 
Koreman of variation —nutation 
‘| Circumnutation 
Curvaturo —$pontaneous. - Movements hyponasty 
| ial —of growth- —€pinasty 
—haptotropism 
fron Phototropism 
Р, Beotropism 
— induced —hydrotropism 


astic- |—seismonasty 
|—ayctinasty 


C. PHYSIOLOGY OF REPRODUCTION 


CHAPTER 14 Reproduction 


Since the life of an individual plant is limited in duration 
it has developed certain-methods by which it can reproduce 
itself in order to maintain the continuity of the species and 
also to multiply in number. The following are the principal 
methods of reproduction: vegetative, asexual and sexual. 


1. VEGETATIVE REPRODUCTION 

A. Natural Methods of Propagation. In any of these 
methods a portion gets detached from the body of the mother 
Plant, and this detached portion embarks on a new career 
under suitable conditions, gradually growing up into a new 
Independent plant. 

(1) Budding. In the case of yeast (fig. 37А) one or more 
tiny outgrowths appear on one or more’ sides of the vegeta- 
tive cell immersed in sugar solution: Soon these outgrowths 
get detached from the mother cell and form new individuals. 


B 


yeast; B, gemma-cup and C, gemma in Marchantia. 


LF” .% 
Fic, 37. A, budding in 
This method of outgrowth-formation is known as budding. 
Often budding continues one after another so that chains 
and even sub-chains of cells are formed. The individual 
cells finally separate from one another and form new yeast 
plants. 3 5 > 
(2) Gemmae. In Marchantia special multicellular bodies, 
known as gemmae (sing. gemma), develop in gemina-cups 
(fig. 37B-C) on the thallus for the purpose of vegetative 
propogation (see fig. V/57). ., 
(3) Leaf-tip. There are certain ferns, commonly -called 
walking ferns (e.g. Adiantum caudatum), which propagate 


ш 
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vegetatively by their leaf-tips (fig. 38). As the leaf bows s 
and touches the ground the tip strikes roots and forms d 3 


Fic. 38. 
Walking fern 
(Adiantum 
caudatum). 


This bud grows into à new independent fern plant. Ferns 
normally, however, reprod 


roduce vegetatively by their rhizome. 
(4) Underground Stems, M 


any flowering plants reproduce 
themselves by means of the rhizome, €.g. ginger; the tuber, 
€g. potato; the bulb, 6-5. onion; and the Corn, e.g. Gladiolus 
and Amorphophallus. The buds produced on them gradu- 
ally grow up into new plants, 
(5) Sub-aerial Stems, The 
and Indian Ce 


(6) Adventitious Buds. 
phyllum pinnatum; see fig. 
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In е elep ear pla egonia; see fi I/45B) a few 

th hant piant (B g 5 g- 

adventitious buds are roduced on the E of u leaf 
P еа! 


Fic. 40. A leaf of Kalanchoe sp. with adventitious buds. 


ric. 41. A leaf of Kalanchoe verticillata with adventitious buds. 


from the veins and also from the petiole. Similarly the roots 
of some plants may produce adventitious, (radical) buds for 
the same purpose, 2$ in sweet potato. 

(7) Bulbils. In Globba bulbifera (fig. 42), American aloe 
(fig. 43B) and garlic some of the lower flowers of the inflore- 


scence become modified into 
small multicellular reproduc- 
tive bodies called bulbils. 
These fall to the ground and 
grow up into new plants. 
Bulbils, big or small, are also 
produced in the leaf-axil of 
wild yam (Dioscorea bulbi- 
fera; B. GACHH-ALOO; H. 
ZAMINKHAND—fig, 43A). In 


and grow up into 
(fig. 44) the inflorescence is surrounded at the base by 
a 


RT ш 
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: b 
whorl of reproductive buds or bulbils and also crowned by 
a few of them. 


р е 
B. Artificial Methods of Propagation. In any of thes 


he 
methods a portion can be Separated from the body im 
mother plant by a special method and grown independe 
There are several such methods. 

(1) Cuttings, (a) Stem-cuttings, 


Many plants like rose, 
sugarcane, tapioca, garden croton, 


China rose, drumstick 
Bulbul 


B с. a 
» Dioscorea bulbifera; В, bulbil of American aloe (Agave); 
C, wood.sorre] (Oxalis). 


8. 1/32), etc., may be grown 
easily from stem-cuttings, When 


“Cuttings. Some- 
Ipecac (see fig. I /39B), tamarind, 
etc., Toot-cuttings put into t forming roots 
and shoots, 

(2) Grafting. Some of the common methods of grafting in- 
cluding layering and 800tee adopted for the sake of fryits, 
€g. mango, litchi, guava, 7 Podilla plum, lemon, etc., or for 
the sake of flowers, €g. MagnoJi, 


ofa, Michelia, Ixora, etc., ате 
illustrated by figs, 45-51). 


П. ASEXUAL 
This takes Place by means of Special cells or asexual repro- 
Uctive units, called в 


Pores, produced b the parent plant, 
which grow by themselves into F 


new individuals, without two 
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such cells fusing together, as in sexual reproduction. Spores 
are always unicellular and microscopic in size. They may be 
motile or non-motile. 

(1) Motile spores are pro- 
vided with one or more 
very slender, tail-like pro- 
jections known as cilia. 
Such ciliate spores are called 
zoospores, as in many algae 
and fungi. Commonly they 
are formed in large num- 
bers and are very minute 
in size. After escaping from 
the mother plant they swim 
briskly about in water for’ 
some time, clothe them- 
selves with a wall losing 
their motility, and finally 

Fig, 44. Pineapple with a crown grow up into new plants. In 

and a whorl of bulbils Vaucheria, a green alga, the 
whole mass of protoplasm of a cell escapes as a single 
large zoospore (fig. 52) covered with many pairs of cilia. 


ric, 46 FIG, 47 


Fic. 45 À 
ifcial Methods of Propagation. ric. 45. Layering, Fic. 46, Gootce 
Artificial Ме Lx d ҮЧ or approach grafting 


‘The zoospore swims freely in water for some time, clothes 
itself with.a wall and develops into a new Vaucheria fila- 


п 
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ment. This return of old 
condition again is known 


protoplasm of a cell to a youthful 
as rejuvenescence. 


Special names according t 


rnation of genera- 


/ asexual and sexual 
$ я терго 
Which on germination рї Produces asexually by spores 


give Tise to the gametophyte, and the 
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gametophyte reproduces sexually by gametes which by fusion 
in pairs (male and female) give rise to the sporophyte 
again. 

ПІ. SEXUAL REPRODUCTION 


‘This consists in the fusion of two sexual reproductive units, 
called gametes. Gametes are always unicellular and micro- 
scopic in size. In sexual reproduction gametes of opposite 
sexes always fuse in pairs. The product of their fusion is a 
new cell called the zygote; the zygote develops into a new 
plant. 1 

(1) Conjugation. In lower algae (e.g. Spirogyra) and lower 
fungi (e.g. Mucor) the pairing gametes are essentially simi- 
lar, ie. not differentiated into male and. female, and are 
called isogametes. The union of two such similar gametes 
is known as conjugation, and the zygote thus formed is 
called the zygospore. The gametes may be small, ciliate and 
motile (often many in a single cell or they be large, non- 
ciliate and non-motile (often one in a single cell). — 

(2) Fertilization. In all the higher forms of plant life, on 
the other hand, the pairing gametes are dissimilar, i.e. dif- 
ferentiated into male and female, and are called hetero- 
on of two such dissimilar gametes is known 
as fertilization, and the zygote thus formed is called the 
oospore. In higher algae and fungi, mosses, ferns and allied 
plants male gametes are very minute, motile, ciliate and 
active, and are known as antherozoids or spermatozoids. 
The female gamete in them is stationary, non-ciliate and 
passive, larger in size, and is known as the egg-cell, ovum 
or oosphere. The corresponding male and female reproduc- 

ing’ plants are the two gametes of 


tive units in the 'floweri 
the pollen-tube and the ovum or ege-cell of the embryo-sac 


within the ovule. 


IV. SPECIAL MODE OF REPRODUCTION 


gametes. The uni 


Parthenogenesis. The development of the zygote from the 
egg-cell without the act of fertilization, as seen in many lower 
plants, e.g. Spirogyra, Mucor, and in many ferns, is known 
as parthenogenesis. In some spectes of ‘flowering’ plants the 
embryo also may develop by parthenogenesis, i.e. without 


20 
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fertilization. The development of the fruit from the ovary 
without the act of fertilization is called parthenocarpy- 
Parthenocarpic fruits are almost always seedless. Examples 
are found in certain varieties of banana, pineapple, guava 
Brapes, apple, pear, papaw, etc. Sometimes mere spraying 
with certain chemicals (growth-promoting substances) like 


naphthalene-acetic acid results in the setting of fruits with: 
out fertilization (induced parthenocarpy). 


| 


PART IV ECOLOGY 
Set 


CHAPTER 1 Preliminary Considerations 


‚ Ecology (oikos, home; logos, discourse or study) deals with 


the study of interrelationships between the living organisms 
(plants and animals) as they exist in their natural habitats, 
and the various factors of the environment surrounding 
them. Ecology, therefore, includes a detailed study of flora 
and fauna (together called biota or biotic community) of a 
particular region, and also the various conditions of the 
environment prevailing in that region. This interaction 
between the organisms and the surrounding environment is 
expressed as ecological complex or ecosystem. It includes 
an intensive study of all aspects of life from birth to death, 
as influenced by the environment. Evidently, this study re- 
lates to the various structural peculiarities (external and 
internal), functions such as metabolism, growth, reproduc- 
tion, etc., survival capacity of the offspring, adaptations for 
distribution, migration, colony formation, etc., of the vari- 
ous species of plants and animals. occurring in a particular 
region, including their identification and enumeration. and 
also the various environmental factors influencing thesc as- 
pects of their life. Ecology is thus a vast subject, and a 
good preliminary knowledge of morphology, taxonomy, ana- 
tomy, physiology, climatology, soil science, geography. etc., 
is a prerequisite to the study of this branch of science. In 
addition to the above the interactions between plants and 
animals is also of considerable importance. We know that 
animals including human beings are directly or indirectly 
dependent upon plants. particularly for food and shelter; 
While the effects of animals and human communities on 
plants are also manifold (sec next page). 

Further, in certain climatic regions of the carth it is seen 
that certain communities of plant life and animal life have 
become dominant and are distinct from the other life forms 
With which they remain associated. The dominant species 
Constitute climax or major communities, and the associated 
Species constitute minor communities. The climax com: 


ІУ 
308 А CLASS-BOOK OF BOTANY PART 


munities have already established themselves in the ео 
while the minor communities are in their carlier ав di 
succession or are controlled by certain local conditions. M 
a complex of communities (major and minor) of plants апа 
animals of a region under identical climatic conditions со | 

titutes а biome. Some of the important biomes of the VOU 
are various forests such as evergreen forcsts, deciduous ES É 
mangrove or littoral forests, coniferous forests, ctc., grasslanga 
scrubs, deserts, Arctic tundra. ctc, The above biomes (Wt! 

the exception of the tundra) are well represented in India, 
while the coniferous forests are restricted to the hills, deve 


loping in successive stages according to altitude. à 
us 
Interdependence of Plants and Animals, (1) Food. Green plants rend 
facture food, while animals including human beings depend on ieliet 
directly or indirectly, ic need, (2) Shelter. Plants give she ae 
» and also furnish building materials ab 
тееп plants purify the atmosphere by abra 
ing out pure oxygen. (4) Clothing. en 
furnish materials for clothing of man 


5 
is a preliminary step Тои 
(8) Dispersal of Seeds, Similarly. many 
seful agents for wide distribution of “ife 
Y Plants and animals lead a parasia il: 
n existence, (10) Disintegration of Si 
and lower animals permanently dwelling in the 57. 
make it fertile for higher. plauts, an Civilization 
ly contributed to the growth of civilization from th 


animals, Specially birds, act as u 
and fruits, (9) Parasitism, Man 
upon one another for their ow; 
Many bacteria, fungi 
disintegrate it and 
Plants have material 
immemorial. 


Environment, Environment, as stated before, includes all the 
factors that surround plants and animals and influence man? 
aspects of their lite. Living Conditions, as known to all, аї6 
different "in. different regions of the earth, often wide ) 
divergent, CB. temperate to tropic, saltwater seas to frésh 
ds, plains to high altitude (extent 
ion), arid region or desert e 
t | ‘t region (with plenty of rainfal е. 
etc., and, therefore, depending on their power of adaptabilit 
distinct flora and fauna have developed in these regions: 
Transport from one ion to the other may often prove 


such reg 
n. be fatal to most of them, Environmental factors may 
matic. edaphic and biotic, 
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(1) Climatic Factors. These include all the.conditions of 
the atmosphere such as temperature, light, water (rainfall), 
wind, humidity, etc., affecting primarily the shoot system 
of the plants. 

(2) Edaphic Factors. These include all the conditions of 
the soil such as its chemical and physical nature, availability 
of water and air, temperature, acidity or alkalinity, etc., 
affecting primarily the root system of the plants. 

(3) Biotic Factors. These include the action of soil bac- 
teria, algae, protozoa, earthworms and burrowing animals 
which alter the soil, often making it loose and fertile; the 
competition with neighbouring plants for food, water and 
sunlight; parasitic fungi and bacteria, and also parasitic 
Phanerogams; symbiosis; insects which help pollination and 
also damage plants; and the action of many higher animals 
Including human beings; for example, grazing by herbi- 
Vorous animals, dispersal of seeds and fruits by birds, woolly 
animals and even human beings, cultivation, deforestation, 


afforestation, etc. 
CHAPTER 2 Ecological Groups 


Although plants sometimes occur as isolated individuals, 
More commonly “we find that they become adapted to the 
same environment and are associated. together in groups. 
The groups may include different plant species, belonging 
to different families, and differing in shape, size, form and 
relationship, but living under the same climatic and’ eda- 
Phic conditions. Some of the common groups are as follows, 


I Hydrophytes. These are plants that grow in water or in 
Very wet places. They may be submerged, partly submerged, 
floating, or amphibious. Their structural adaptations are 
mainly due to high water content, deficient supply of oxy. 
Ben, and weak light. 


Adaptations. The main features of aquatic plants are the 
reduction of protective tissue (epidermis here is meant for 
absorption, and not for protection), supporting tissue (lack 
of sclerenchyma), conducting tissue (minimum develop- 
ment of vascular tissue) and absorbing tissue (roots mainly 
act as anchors, and root-hairs are lacking), and the special 
development of air-chambers for aeration of internal tissues 
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The Root. 'The root system is on the whole feebly on 
loped, and root-hairs and root-caps are absent. Some floa 
ing plants are rootless, e.g. bladderwort (Utricularia; see tig 
. 111/22), hornwort (Ceratophyllum), Wolffia, etc.; nie 
others have a cluster of fibrous roots but no root-caps ар 
root-hairs, e.g. water lettuce (Pistia; see fig. 1/52), wate? 
hyacinth (Eichhornia; see fig. 1/ 62B) and duckweed (Lem; 
see fig. 1/31); in them, instead of the root-cap, an analo 
gous structure called the root-pocket is formed (see p. 31): 
In those fixed to the ground under water, either submerged: 
cg Vallisneria (see fig. 1/139) and Hydrilla, or partly sub: 
merged with floating leaves, €g. water lily and lotus, thc!* 
is scanty development of roots, 

The Stem. This may be in the form of a rhizome, small 
r large, or it may be long and slender, either branched oF 
unbranched. The stem and the branches, particularly the 
latter, are soft and Spongy, containing a large number ? 
air-cavities filled with gases (oxygen and carbon dioxide fo" 
respiration and Photosynthesis). They also help the plant 


FIC. 1, Giant water lily (Victoria amazonica — 
to keep in position under water or to float. There is minh 
mum development of 


V. regia). 


. RAA 5. 
mechanical and vascular tissue 
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Xylem and phloem are reduced to a few narrow vessels and 
sieve-tubes respectively. The epidermis is without cuticle 
and is meant for absorption of water. There may be some 
chloroplasts in it. In some plants prickles are present for 
self-defence. 

The Leaf. Leaves of submerged plants are thin and gener- 
ally ribbon-shaped, finely dissected or linear, rarely broad. 
Cuticle and stomata are absent. The epidermis is thin and 
contains some chloroplasts so that it can utilize the weak 
light under water for photosynthesis. It is, however, pri- 
marily meant for absorption of water. The mesophyll is not 
differentiated into palisade and spongy tissues. Leaves of 
floating plants are well developed, and have a thick cuticle 
and a large number of stomata on the upper surface. Ex- 


‘change of gases takes place through the upper surface, and 


absorption of water through the lower. Many air-cavities 
develop in them and also in the petiole for the purpose of 
aeration and necessary buoyancy. Amphibious plants sub- 
jected to alternate flooding and drying often show. hetero- 
Phylly (heteros, different; phylla, leaves), ie. they bear, 
different kinds of leaves on the same individual (see pp. 78-9). 


Examples. (a) Submerged: Vallisneria- (see fig. 1/139), 
Hydrilla, Naias, Potamogeton, etc. (b) Floating: bladder- 
Wort (Utricularia; see fig. 111/22), hornwort (Ceratophyl- 
lum), duckweed (Lemna; see fig. 1/31), water lettuce (Pistia; 
See fig. 1/52), water hyacinth (Eichhornia; see fig. 1/628), 
water chestnut (Trapa; see fig. 1/43), Azolla, Salvinia, etc, 
(c) Partly submerged: water lily (Nymphaea), lotus 
(Nelumbo=Nelumbium), Euryale (B. & H. MAKHNA), giant 
Water lily (Victoria amazonica-— V. regia; see fig. 1). 
Lirinanthemum, Ottelia, etc. (d) Amphibious (showing 
heterophylly): water crowfoot (Ranunculus), water ‘plantain 
(Alisma), arrowhead (Sagittaria; see fig. 1/91), Cardanthera 
triflora (see fig. 1/90A), Limnophila heterophylla, etc. 


2. Mesophytes. These are plants that grow under average 
Conditions of temperature and moisture; the soil in which 
they grow is neither saline nor is it waterlogged, and the 
temperature of the air is neither too high nor too low. Meso. 
Phytes are, therefore, intermediate between hydrophytes 
and xerophytes. 


› | IV 
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Adaptations. The root-system is well developed pim 
tap root and its branches in dicotyledons, and a cluste dy 
fibrous roots in monocotyledons; root-hairs are шуш 
produced for the absorption of water from the soil. b 
stem is solid (and not spongy, as in water plants), erect, a j 
normally branched. Thorns on the stem are absent or few: 


: 1 : ical 
All the different kinds of tissues, particularly the mechanica 


and conducting tissues, have reached their full develop” 


ment in the mesophytes. The aerial parts of plants such P 
the leaves and thc branches are provided with a cuticle. 
dorsiventral leaves the lower epidermis is provided wit 
numerous stomata; there are few stomata or none at all 00 
the upper surface. In erect leaves, as in monocotyledons, 
stomata are more or less equally distributed on both sut- 
faces. 


ture, strong wind and aridi 


ty of air, 
Adaptations. 


The Root. Plants 
into the sub-soil in Search of moi 
plants which live fora Short period produce a superficia 
rootsystem to absorb moisture ‘from the surface-soil after 2 
passing shower of rain, 0 retain this water roots ofte” 
n уш fleshy апа contain plenty of mucilage, 25 і? 


produce а long 
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some plants, as in Gnaphalium and Aerua, there is a dense 


coating of hairs. In many cases the stem becomes reduced 
in size and is provided with prickles, as in Euphorbia splen- 


dens. Modification of the stem into phylloclade for storing 
water and food and at the same time performing functions 
desert plants, e.g. cacti 


of leaves is characteristic of many 
(see fig. 1/57А). 

The Leaf. In some dese 
taining aqueous tissue an 


rt plants leaves are very fleshy, con- 
d mucilage, as in Indian aloe; in 
others they are reduced in size minimizing their evaporat- 
ing surfaces. Thus they may be divided into small seg- 
ments, as in Acacia, or modified into spines, as in many 
cacti and spurges (Euphorbia), or sometimes reduced to 
small scales only, as i d Asparagus. The cuticle 


n Tamarix an 
develops strongly on the epidermis to check evaporation of 
water, as in American aloe (Agave; 


fig. 11/38). For the 
same purpose sometimes multiple (many-layered) epidermis 
develops, as in oleander (see fig. Il 


/39). Stomata are fewer 
in number—usually 10-15 per sq. mm» and remain sunken 
in grooves and occluded, as in Agave and Nerium (see 
figs. II/38-9). Modification of the leaf into phyllode, turn- 
ing its edge in a vertical direction in strong sunlight to 
minimize transpiration, is characteristic of Australian Aca- 
cia (see fig. I /80). Under conditions of extreme dryness 
leaves of most xerophytic grasses and also of many other 
plants roll up, considerably reducing their evaporating sur- 
faces, Many of the xerophytic herbs lie prostrate on the 
ground, completing their life-history within a short time, 
eg. Solanum surattense (B. KANTIKARI; Н. KATELI) and Tri- 
bulus terrestris (В. СОКНЕІКАМТА› H. GOKHRU); some are 
perennial in habit. Many xerophytes are elaborately armed 
with prickles and spines. 

Examples. Many spurges (e.g Euphorbia splendens, E. 
tirucalli—see fig. 1/57D, E. neriifolia, E. royleana, etc.), most 
cacti (e.g. Opuntia, Cereus, Nopalia, Pereskia, etc.), dagger 
plant (Yucca; see fig. 1/92), Indian aloe (Aloe vera), Ame- 
rican aloe (Agave) globe thistle (Echinops), prickly or Mexi- 
can poppy (Argemone), Asparagus, Acacia, Tribulus terres- 
tris (B. GOKHRIKANTA; Н. cokHRU), Solanum surattense (S. 
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xanthocarpum; B. KANTIKARI; H. КАТЕ), Aerua, Fagonia 
and some grasses. 


medium for such plants. Th 
whose tissues have a conce; i , and, therefore, 
an exceptionally high osmotj 


atmospheres or even much higher. It is onl 


H, HARKUCH-EANTA), Asteracanth 


H. GOKULA-KANTA) Solanum Surattense (В. xanrixart; Н. 
rubra—cultivated 
Spinosus), etc. 

Special Adaptations. Halophytes growing on sea-coasts and 
estuaries, and also in salt-marshes and salt-lakes occasionally 
inundated by sea-tides, form а special type of vegetation 
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known as the raangrove (fig. 2). Mangrove plants Hue 
a large number of stilt roots (see Р. 35) from + e main 
stem and the branches. In several cases, in a ee ned: 
stilt roots, special roots called respiratory roo р 


showing (а) pneumatophores for respiration, (b) stilt 
and (c) viviparous germination for survival 
(see also fig. 1/37). 
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roduced in large numbers. 

matophores (see Р. Чук ш roots, and projecting be- 

They develop d look like so many conical spikes distri- 

yond the water s trunk of the tree. In some places. they 

са eum passage through them is difficult. They 
OW 50 
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are provided with numerous pores or respiratory spaces in 
th 


€ Upper part, through which exchange of gases for те, 
piration takes place. Mangrove species also show a peculiar 
mode of germination. ‘The 
seed germinates inside the 
fruit while it is still on the 
parent tree and is nourished 
by it. This kind of germi- 
nation is known as vivipary 
(fig. 3). The radicle elon- 
ates to a certain length 
and swells at the lower part. 
As the seedling drops, the 
Toot presses into the soft 
mud, keeping the plumule 
and cotyledons clear above 
the saline water, Lateral 
Toots are quickly formed for 
Proper anchorage. The ad- 
FIG. 3. Vivipar M n Vantage is that the fruit can- 
: Parous germination. not be swept away by tidal 
waves. Typical mangrove Rhizophora (B. кнлмо), 
Ceriops (B. Goran) а (B. keora), Heritiera, (В. 
(B. ско), etc, І 


PART V CRYPTOGAMS 
СЕ cia Ырда 


— 


CHAPTER? Divisions and General Description 
t do not bear flowers or seeds and 


hence are commonly known. as ‘flowerless’ or ‘seedless’ plants. 
They are broadly classified as follows (see also pp. xxiiixxv). 
(1) Thallophyta. The plant. body is a thallus, ie. not 
differentiated into stem and leaf. Thallophyta include (a). 
algae, i.e. thallophytes containing chlorophyll and sometimes 
also other pigments, (b) fungi i.e. thallophytes without 
chlorophyll, (c) lichens, ie. compound plants consisting of 
specific fungi and algae ‘living together symbiotically, and 
(d) bacteria, i.e. unicellular, microscopic, non-green (with- 
out chlorophyll) organisms. 
_ (2) Bryophyta. The plant body is thalloid or leafy; there 
is regular alternation of generations; the main body is 
always a gametophyte; the sporophyte always grows attached 
to the gametophyte 25 à dependent body. Bryophyta include 
(a) liverworts, ie. bryophytes with mostly thalloid plant 
body, e.g. Riccia and Marchantia, and (b) mosses, i.e. bryo- 


phytes with leafy stem. E Lu ғ 1 
(3) Pteridophyta- The plant body is differentiated into 
the stem, leaves and roots; there is regular alternation of 

nd gametophyte are indepen- 


generations; the sporophyte а r 
dent of each other; the main plant is always a sporophyte; 
vascular tissues are well developed (so Pteridophyta are also 


called. vascular cryptogams). They include ferns and their 


allies, 

Thallophyta are primitive plants and are regarded as lower 
cryptogams, while Bryophyta and Pteridophyta are advanced 
plants and are regarded as higher cryptogams. 
Reproduction. Of the three methods of reproduction, viz., 
vegetative, asexual and sexual, a particular plant may take 
to one or more methods. Vegetative reproduction takes place 
commonly by cell division ot by fragmentation. Asexual 
reproduction takes place by fission or by spores of varied 

s of plants. Sexual reproduction 


types in different group AR 
takes place by the fusion of two similar gametes (isogametes) 


Cryptogams are plants tha 
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as in lower forms, or by the fusion of two dissimilar gametes 
(heterogametes) differentiated into male and female, as л 
higher forms. The former method is called івовашу, ап 
the latter method oogamy. 


-Differences between Algae and Fungi. (1) Algae are green 
thallophytes containin 


fhyll. In many algae 
other colours; fungi, 


thallophytes having no chlorophyll in them. (2) Algae RIS 


of an alga is composed of true сеа and tha У 
; t of a fungu 
of fungus-cellulose or chitin сс ith cellulose, callose, 
pectose, etc., in different pro rti ive in-watet 
or in wet substrata; UE ae Pup T 
plants or animals or as Saprophytes on decaying animal 07 
vegetable matter. (6) Reserve carbohydrate in al Б: is usually 
starch, but in fungi it is glycogen. i 
In structure both the groups ma i multi- 
pollen lamen or thalloid, A ЖЕ КЫА n them 
may take place vegetatively by cell divi; jetach- 
ment of a portion of chemother ноп ос To 


lant, fission 
or by spores, or sexually by Seen ib oq RY 


р 5 by the asexual method: 
Le. by spores, and the Other by the Sexual method, i.e. PY 
gametes. The former, therefore, is called the sporophyti^ 
Ог asexual generation, and the latter the gameiophytie 0 


ALGAE 319 


sexual generation. To complete the life-history of a parti- 
cular plant one generation gives rise to the other—the 
gametophyte to the sporophyte, and the sporophyte to the 
gametophyte, or in other words, the two generations regu- 
larly alternate with each other. This alternation of the 
gametophyte, with the sporophyte and vice versa is spoken 
of as alternation of generations. 


Cytological Evidence’ of Alternation of Generations. Alternation of gene- 
rations can be traced on the basis oí chromosome numbers, It is an 
established fact that the sporophyte bears diploid or 2n chromosomes, 
While the gametophyte bears haploid or п chromosomes, The diploid 
number of the former is reduced (by meiosis) to the haploid number of 
the latter in the formation o£ spores (m). ‘The spore gives rise to the 
Bametophyte (n), evidently representing the beginning of the gametophytic 
Eeneration. In due course the gametophyte bears gametes (n). Two gametes 
Of opposite sexes (by fusion) give rise to the zygote (m, Le. n+n). The 
zygote grows into the sporophyte (any, evidently representing the begin- 
ning of the sporophytic generation. The sequence of stages in the two 
Generations briefly із: zygote (2n) » sporophyte (2л) + spore mother 
Cells (2n) [stages representing sporophytic or diploid or 2n generation] 
+ spores (n)--gametophyte (7) > gametes (n) : male and female 
[stages representing gametophytic or haploid or n generation]. The above 
Stages are further shown below with reference to fern and moss. 


Fera : sporophyte (2m) -rspore mother cells (2n)-> spores (n) 
male gamete (п) + + : 
x —gametophyte (n) : Mose 


zygote (2n)<-female gamete (л) 


CHAPTER 2 Algae 


Classification of Algae (20,000 8р.) 
Clas I. Cyanophyceae Or Myxophyceae or blue-green algae (1,500 sp.), 


e.g. Oscillatoria and Nostoc. 

Clam и. Chlorophyceae or green algae (6,500 sp.), eg. Chlamydomonas, 
Volvox, Ulothrix, Spirogyra and Vaucheria. 

Clam III. Phaeophyceae or brown algae (about 1,000 sp, eg. Fucus, 
Class IV. Rhodophyceae oF red algae (about 3,000: sp, eg. Polysiphonia. 


Economic Importane: 
human food, being ™ 


Many of the sea-weeds are used as 
hydrates and vitamins. They form an 
i ic animals, Some are used 
important food for fish and many other aquat . ] 
саш feed. Large brown algae: called d e du vaporem source 
of iodi: ] regions many sca-W are u: as izers, being 
ne, In coastal геБ ers. Some red algae are a source 


rich in potassium and other mineral matt A 
of ap ean a gelatinous substance, which is universally used as a medium 


ot Hume for bacteria and fungi in the laboratory, as a sizing material 
in textile industry, аз а solidifying material іп the preparation of puddings 
and jellies, as a base for shoe-polish, shaving cream, cosmetics, etc., and 
as a dyeing snd printing material for textile goods. It is also used in 

its of diatoms in sea-beds, called diatomaceous earth, 


medicine, Big depos 1 d 
fave a number of industrial uses аз metal polish, tooth powder, heat 


v 
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insulators in boilers and furnaces, ànd as filters in refining nu ed 
green algae are a source of food for fish and many aquatic P обуп 
also purify the water by absorbing CO, and giving out О, ЖЕКА 
algae contribute to the fertility of-the soil, Some of them are Viper 
fix free nitrogen. But some of them are à nuisance to water rese 
sometimes polluting watcr, particularly during summer rains. 


A. CYANOPHYCEAE OR BLUE-GREEN ALGAE 
І. OSCILLATORIA (100 sp.) 


Occurrence. Oscillatoria (fig. l)is a dark blue-green fila- 
mentous alga. It commonly occurs floating in ас 
sewers, shallow pools of water and also on wet rocks an 
walls. Filaments of Oscillatoria are entangled in masses 
which float on water. 
Structure. Each filament is 
cylindrical, consisting of a row 
dual cells are the Oscillatori 
regarded as a colony. All the 
except the end cell which is 


slender, unbranched and 
of short cells (А). The indivt- 
4 plants, and the filament 15 
cells of the filament are alike 
usually convex, and thcre 15 


Central body Chromoplasm 


Oscillatoria. ric. 1. A, filaments; B, 


h y ortion of 
0; іа: 
the filament rmogonia; and С, a р 


magnified, 
по differentiation into the 


d 
base and the apex. Here 2 
there some dead and empty 


cells occur in some of the fil 
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ments. The protoplast of each cell is differentiated into two 
chromoplasm—and 


regions: a coloured peripheral zone—the 
imm colourless zone—the central body (C). The colour 
ste to the presence of cholorophyll and phycocyanin (a 
lue pigment) which diffuse through the chromoplasm. 
There is no plastid. True nucleus is also absent. The central 
body, however, is regarded as an incipient nucleus with 
only some chromatin but without nuclear membrane and 
nucleolus, Cell division takes place in one direction only. 
Each filament remains enveloped in a thin mucilaginous 
sheath. Under the microscope, 4 slow swaying Or oscillating 
Movement of the filaments with ends tossing from side to 
Side may be distinctly seen. This is a characteristic feature 
of Oscillatoria. The filaments тау sometimes exhibit a 


twisting or rotating motion. | 
Reproduction. In blue-green algae reproduction takes place 
Vegetatively only. They do not bear any kind of ciliated 
Боду. Gametes and zoospores are also altogether absent. In 
Oscillatoria the filament breaks a number of frag- 
ments called hormogonia B) Each hormogonium consists 
of one or more cells and grows 
sions in one direction. The hormogo 


locomotion. 


2. NOSTOC (29 sp) 
n bluegreen alga of 


Occurrence. Nostoc (fig: 2) is a commo [ 
filamentous form. Species of Nostoc commonly occur in 


ponds, ditches, and other pools of water and also in wet soil, 
often as somewhat firm masses of jelly. A few species are 


end TER TL bit. occurring in the intercellular cavities 
RE us d (Lemna), hornwort (Antho- 


tc. Some lead a symbiotic 


hen. 
sists of innumerable, slen- 


der, long and short, 
- microscope look like 

branched and consists of a TOW. 
very much like a series 9 beads in a chain. There is often 
a gelatinous sheath covering each filament in addition to 
the general gelatinous matrix in which the tangled miasses 
of Nostoc filaments remain embedded. Each cell is differen- 


21 
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tiated into two regions: an outer coloured region called 
the chromoplasm, and an inner colourless region called the 
central body (as in Oscillatoria; see p. 321). The filament 
increases in length by cell divisions in one plane only. Some 
enlarged vegetative cells with thickened walls and trans- 
parent contents are seen to occur at frequent intervals and 


Nostoc. 

Fic. 2. 
Filaments 
embedded in 
gelatinous 
matrix, Note 
the heterocysts 
(H) with the 
polar nodules. 


led hete: віз. A is pre” 

mcn чи е co, Maing opm 
А А 8 cells. There i rever, on 

pore дшге terminal heterocyst At a ier б Mp is 
closed by a button-like thickening of PE A the 
polar nodule, E the. wall, calle 
Reproduction. Nostoc reprod + Д - 
tion of the filament, үа вчабуыу у fragmen is 
(spores) called akinetes, Е 
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B. CHLOROPHYCEAE OR GREEN ALGAE 


3. CHLAMYDOMONAS (43 sp.) 


Occurrence. Chlamydomonas is a unicellular green alga 
found in ponds, ditches and other pools of stagnant water. 
Structure. In shape the cell is usually spherical or oval, and 
is provided. with a thin wall and two distinct long cilia 
(fig. 3A). The protoplasm at the anterior end of the cell is. 
clear, and contains two contractile vacuoles which are pul- 
sating in nature, undergoing alternate expansion and con- 
traction. These may be respiratory or excretory in function. 
There is a lateral orange or red pigment spot, commonly 
called the eye spot. This is sensitive to intensity of light, In 
the posterior region there is a single large cup-shaped chloro- 
plast with a pyrenoid in it. The pyrenoid consists of a 
central protein body surrounded by numerous minute starch 
grains, There is a nucleus more or less centrally placed. 
By the lashing of the cilia the cells briskly swim about in 
Water. 


Chlamydomonas. 

Fic, 3. 

A, a mature cell; 

B, four daughter 
cells formed by 
asexual method; 

C, a daughter cell 
after escape; 

D, palmella stage. 


Asexual Reproduction. This takes place by zoospores. In 
the formation of the zoospores the cilia of- each cell are 
withdrawn, and the contents divide into 2, 4 or 8 daughter 
cells, seldom more (fig. 3B). The cells grow, develop two 
Cilia each, and become motile zoospores. The wall of the 
Mother cell dissolves and the zoospores are set free (fig. 3C). 


T V 
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Palmella Stage. Under unfavourable conditions P 
daughter cells instead of forming zoospores divide dw 2 
into numerous cells. Their walls become gelatinous, ап así 
cells are held together in clusters in the gelatinous DM 
'This is known as the palmella stage (fig. 3D). Whe n out 
conditions are favourable the cells develop cilia, swim 
of the gelatinous matrix, and become motile again. 


+ COE 
Sexual Reproduction This takes place by the ue g 
motile ciliate gametes which are formed in the same W aller 
the zoospores and are also like them but somewhat ee 
in size and more numerous—16, 32 or 64, or nl 150° 
(fig. 4А-В). All gametes are similar and are calle ae 
gametes and their fusion is known ds isogamy. Game A 


different parents usually conjugate in pairs (fig. БА) И 
zygospore—the product of 


: aus t 
fusion of two similar game 
is formed. The ciliate end 


? first 
5 of the gametes conjugate 


B, gametes 
escaping: 


Chlamydomonas. 

FIG. 5. д 

А, stages in conjug? 
of gametes; оё 

В, (top) a resting Dy ptet 
(bottom) four as {тот 
cells after escaP 
the zygote. 


tion 
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ne soon their complete fusion takes place. After this 
usion the cilia are withdrawn and the zygospore clothes 


itself with a thick wall (fig. 5B, top). It undergoes a period 


of rest, and then its contents divide and form 2 or 4 motile 


daughter cells (fig. 5B, bottom). They grow in size, escape 
from the mother cell, and become individual motile Chlamy- 


domonas cells. 

ee: In Chlamydomonas gamet 

YU are cases showing slight di 

Euh similarity of gametes and zoospore: 

tone cells (gametes) from asexual cells (z 
atter into the former, я 


tes are mostly alike (isogametes), while 
fferentiation of gametes (anisogametes). 
s is suggestive of the origin of 
oospores) by transformation of 


4. VOLVOX (over 12 8р.) 


Occurrence and Structure. 
forming, free-swimming, gree 
Other pools of water during an 
in abundance colouring the water green, particularly in 
the spring, and then abruptly disappears in the summer. 

uring the rest of the year it lies dormant in the zygote 
stage. Volvox has reached the highest degree of colony for- 


Volvox is a fresh-water, colony- 
n alga occurring in ponds and 
d after rains. It often appears 


Volvox, Fic. 6. A, a colony showing vegetative cells connected by cyto- 
Is (including two daughter colonies) 


Plasmic strands, four colony-forming cel z two daug! 
and outer sheath: B, a portion of a colony (magnified) showing vegetative 
strands (thick lines) and polygonal sheaths 


Cells connected by cytoplasmic Р 
(dotted lines). 
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mation. As a matter of fact, each colony or coenobium 
` (koinos, common; bios, life), as it is called, consists of a Si 
hundreds to several thousands (500 - 40,000) of cells whic 
are so arranged in a peripheral layer as to form a hollow 
sphere (fig. 6A) containing water or a dilute solution of 2 
gelatinous material. Each cell (fig. 6B) of the colony has E 
gelatinous sheath of its own, and at the same time the cells 
are, held together in a colony by the sheaths secreted by a 
individual cells, The cells are connected by delicate bu 
distinct strands of cytoplasm. The individual colonies, app% 
ximately 1 mm. in diameter, sometimes up to 2 mm., freely 


swim about in water. Each Volvox cell is very much like 
that of Chlamydomonas. 


A mature colony (fig. 6A) shows two kinds of cells: 
numerous small vegetative cells and a few (5-20) large cel } 
among the former, А vegetative cell has two cilia protru ing 
outwards and vibrating, 2.5 contractile vacuoles, a centra” 
nucleus, a cup-shaped or plate-like chloroplast with one PY 
noid, and an eyespot. The vegetative cells do not divide 
The larger cells of the colony are the reproductive cel ji 
These cells may behave exclusively as asexual cells or 4 
sexual cells, Normally they act as asexual cells in the begi” 


; e 
ning of the season, and as sexual cells at the close of th 
season, 


n р 
cHoni (БЕ Ту, he above enlarged oe 
of the mother-colony, after retracting th! 


Sexual’ Reproduction (fig. 8 
mous in Volvox. In th 
gametes (male and fe 


). Sexual reproduction is ооё, 
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(homothallic), while in the dioecious species these are borne 
by separate colonies ( 


heterothallic). The said gametes are 


a daughter colony 
(gonidium); b, the 
developed from it; 
y, Vol. 1 by G. M. 
ill Book Company. Copyright 1938). 


Within a mother colony; 
same after first division; 
sh, sheath. (Redrawn after Fig. 
Smith by permission of McGr 
borne by certain enlarged cells called gametangia (gamete- 
bearing cells) which lie in the posterior side of the colony. 
Some of these cells are antheridia ог male reproductive 
Organs, the protoplast of which divides many times and 
produces a cluster of minute biciliate'male gametes called 
antherozoids or sperms (fig. 8A); while other cells are oogonia 
or female reproductive organs, the protoplast of which forms 
g or ovum (fig. 8B). 


a single large female gamete called eg 0 
ips mu E and non-motile; while the sperms 


are very minute, notile. The latter may be ina 
plate-like colony escaping from the mother-colony as a, unit, 
or these may be arrani to form a hollow sphere. In: the 
former case the unit as it approaches ап €88 breaks up into 
individual sperms, ап 
liberated singly. The mode o! 
her-colony, and one of them 
(fig. 8B) Thus fertilization is 


effected. 
Zygote. After fertilization the zygote clothes itself with a 
gote. After fe range-red (fig. 8B). It is set free 


thick spiny wall and turns © 
from tbe ы ы -colony only after thé decay or disintegra- 
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tion of the latter. The zygote sinks to the bottom of Ds 
pool of water, and then after a period of rest it germina 


Volvox: Sexual Reproduction. Fig, 8. A, formation of antheridium and 
antherozoids; a, an antheridium; b, the Protoplast of it after first few 
divisions; 6; шсш formed in a cluster; sh sheath; B, formation E 
oogonium, egg and zygote; a, а oun; ORI ast A b, the 

about to be fertilized (note the a $0: с, туро 
formed after fertilization; sh, sheath. (Redraw, after Fig. 13 in Cryptogamic 
Botany, Vol. I by б. М. Smith by permission of McGraw-Hill Book Company: 

Copyright 1938) 


away. The fr 
new colony. 
5. ULOTHRIX (80 sp) 

Occurrence. Ulothrix (fg. 9) is a green filamentous alg? 
Occurring in fresh water in Ponds, ditches, water-reservoil® 
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horse- ог cow-troughs, slow streams, etc., particularly in the 
Spring; a few species are marine. It grows fixed to any 
hard object in water by the basal elongated colourless cell 
called the holdfast. The filament, if detached, may freely 


float on water. 


Structure. The filament of Ulothrix is unbranched, cylin- 
drical and multicellular, consisting of a single row of 
Short cylindrical cells. Each cell of the filament contains 
a single nucleus and a peripheral band-like chloroplast with 
an entire or lobed margin. Usually there are many (some: 


fe 


5€ 


SEXUAL CYCLE 
ASEXUAL 


Vlothri: Ис-суйе : sexual reproduction—A, vegetative fila- 
ment; B, LN аиа, C, gametes swimming; D-G, stages in the 
Conjugation of gametes; H, zygospore; L the germ-plant with zoospores; 
+ a zoospore (quadriciliate); К, a young filament; oa reproduction— 
b а portion of the filament showing the formation of zoospores; C, a 
Uadriciliate zoospore escaping; D, zoospores swimming; E, a zoospore 
rounded off; F, zoospore germinating; and G, a young filament. 


renoids lying embedded in the chloro- 


times one or few 
р ушы nded protein bodies with a starchy ' 


Plast. These are rou 
Envelope. 1 
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Reproduction takes place asexually by zoospores, sexually р 
gametes, and vegetatively by fragmentation, of the filament. 


Asexual Reproduction. (1) Zoospores with four cilia are 
produced for the process of asexual reproduction by diviso 
of the protoplast of any cell of the filament except the hold- 
fast. They are larger than the gametes but produced in 
fewer numbers—2, 4, or 8, sometimes even 1 (rarely 16 or 
32) in each cell. Each zZoospore is more or less pear-shaped 
and contains a distinct red eye spot on one side, a pulsating 
vacuole close to the ciliated end, and a large chloroplast. 
The zoospores escape by an opening in the lateral wall 0 
the cell and swim briskly about in water for some hours OF 
even for a few days, Then they come to rest and attach 
themselves by their colourless end to any hard object .!? 
water. Cilia are withdrawn and a cell-wall is formed roun 
each zoospore. Then it germinates directly into a new fila" 


Sexual Reproduction, 


О i t till 
next favourable season, y, goes a period of res 


erminates then into 2 
cellular germ plant which E 


а ate 
Produces 4 to 16 quadricili? 
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zo ; ч 4 
Ospores (or in some cases only nonciliate spores). Each 


Ecc develops into a new plant. 

wish In Ulothrix we get a very early indication of sexual differentiation 
gamers ecomes so pronounced in the higher plants. The behaviour of 
former or sexual cells and zoospores or asexual cells suggests that the . 
i were originally derived from the latter. The gametes are similar in 
рреагапсе, but not so in thcir behaviour. The passive one may be 


Haad as the egg-cell or female gamete, and the active one as the male 
mete, Ulothrix thus shows the beginning of sexual differentiation. 


f Vegetative Reproduction, This takes place by fragmen- 
jon of the filament into short pieces, each consisting of a 
€w cells. Each piece or fragment grows into a long filament 
by transverse divisions of cells and their enlargement. 


6. SPIROGYRA (100 sp.). 


Occurrence. Spirogyra (fig. 10) is a green free-floating fila-. 
mentous alga. It is found grow- 


ing abundantly in ponds, dit- 
ches, springs slow running 
streams, etc. 
Structure. Each Spirogyra fila- 
ment is unbranched and con- 
sists of a single row of cylin- 
drical cells. The walls are 
made of cellulose and pectin. 
Pectin swells in water into a 
gelatinous sheath. The fila- 
ment shows no differentiation 
into the base and the apex. 
Each cell has’a lining layer of 
rotoplasm, one or more (up 
to 14) spiral bands of chloro- 
plasts with smooth, wavy or 
serrated margins, and a dis- 
tinct nucleus situated some- 
Рене where m EM middle. The 
та. FIG: 10- spiral chloroplasts are the 
^el Зе flamen; Rn A Partie of Spiro- 
&yra. Each chloroplast includes in its body a number of 
Nodular protoplasmic bodies, known as pyrenoide, around 
Which minute starch grains are deposited. If the filament 
ppens to break up into pieces, they grow up into new 


filaments by cell divisions. 
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Reproduction. This takes place in Spirogyra by the sexual 


method only. It consists of the fusion of two similar gametes 


(isogametes). The fusion of two similar gametes is € 
as conjugation, which normally takes place between the ce 9 
of two filaments (scalariform ог ladder-like conjugation; 
fig. 11). Sometimes, however, conjugation takes place bet- 
ween two adjoining cells of the same filament (lateral con- 
jugation; fig. 18). 

Scalariform Conjugation 
come to lie in contact in t 


(fig. 11). When two filaments 
he parallel direction they form 


"Their end- or partition-walls diss, 
tion tube is formed. In the mea; 


: ic con: 
ntime the protoplasmic CO 
tents of each cell lose water, 


> Contract and become round 
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tracted mass of protoplast forms 


a gamete. All gametes are alike in appearance, but gametes 
ue filament (male) creep through the conjugation tubes 
тозе correspondin cells of the ad- 

Joining filament (female) and fuse | J 

with the gametes of that filament. 

The fusion of two gametes results in 
the formation of a thick-walled zygo- 
spore (fig. 12) which soon turns black 
Or brownish-black. Zygospores aTe 
formed in a series in one filament 
(female), while the other filament 
(male) becomes practically empty ex 
cept for a few vegetative cells here 
and there. Sometimes conjugation 
takes place between three filaments, 
the middle (female) one bearing the 


zygotes. 
Lateral Conjugation (fig. 13). This 
he cells of the 


takes place between t 
same filament. (1) Chain Type (A)- 
Commonly an outgrowth or conjuge Spirogyra. ric. 12. 

tion tube is formed on one side of the Formation of zygospores 


partition wall, and through the pass- after conjugation. 
(male) of one cell passes into 


;ghbouring cell. (2) Direct 
he male gamete pushes the 
the middle. Through the 
mete passes into the neigh- 
female gamete. In lateral 
Hs only move to the 


neighbouring cells, r on the zygote-bearing cells 
ate seen to alternate with the empty cells in the same filament. 
formed as à result of fusion of two gametes, each 
t 


N T e is 

Sin z i ea herefore, the zygospore nucleus has 2n chromo- 

somes, It undergoes reduction division, giving Tise to 4 nuclei, each with 

n chromosomes, Three of these nuclei degenerate so that the mature zygo- 
Р Jeus with n chromosomes (see fig. 14Е-Н). 


Spore contains only а single nuc 


off in the centre. Each coni 


Method (B). In certain species t 
partition wall a 
opening thus for 
bouring cell and 
conjugation the ga 


Sometimes it so happens that conjugation does not take 
place, and then a gametangium may become directly con- 
verted into a ZygO$ relike body called the azygospore (or 
parthenospore). Ít germinates Jike the zygospore. 
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Spirogyra, тїс. 13, Two methods of lateral conjugation, A, 


chain туре; 
B, direct method, 


es 
FIG. M. Life-cycle of Spirogyra. A. vegetative filament (portion); B-C, ат 
în conjugation; p, zygospore formed: p.p reduction division and n" 


-changes within the zygospore; and 7, zygospore germinates. 
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унон of the Zygospore (fip. 15). The zygospore is 
SS with a thick cellulose-wall. The filament decays 
all the zygospores sink to the bottom of the pool of water. 
: They undergo a period of rest till the 
next favourable season, and then they ger- 
minate. The thick wall of the zygospore 
bursts and the contents grow out into: a 
short filament which escapes and floats 
to the surface of the water: Cells divide 
and the filament increases in length. 


7, VAUCHERIA (85 sp.) 

Vaucheria (fig. 16) is a green 
growing with other algae 
Sbi in ponds, dtches and also in the wet soil. 
Pirogyra, ric. 15. It is not free-floating like Spirogyra but is 


2, $ 
kc mostly attached to a substratum by means 
i of colourless rhizoids or ‘holdfasts’. It is 


deep green in colour and always lives in a tangled mass. 
trueture, The thallus consists of a single branched 


tubular filament. It is unseptale and contains numerous 
minute nuclei which lie embedded in the lining layer ‘of 


cytoplasm ' surrounding а central vacuole. Such a 
ле; Vaucheria 15, therefore, 


Structure is known as a соепосу А 
а coenocyte. Septa, however, normally appear 1n connexion 
With the reproductive organs. Injury also results in the pro- 
uction of septa cutting off the injured parts which then 
develop 'into new plants. Filaments increase In length by 
apical growth. Chloroplasts аге numerous, very small and 
discoidal in shape. They lie embedded in the lining layer 
of Protoplasm, and are without pyrenoids. Protoplasm con- 
tains abundant oil-globules, but lacks in starch. 

Reproduction. ‘This takes place asexually as well as sexually. 


Asexual Reproduction. This takes place by a large soli- 
ату zoospore. During its development the apex of the fila- 
Ment swells up, becomes club-shaped. and is partitioned off 

Om the rest of the filament by a septum. This club-shaped 
Ody is known as the zoosporangium (fig. 16B). d pud 
Plasmic contents become rounded off forming a single zoo- 
Spore “The шг of the zomsporangium арката at the apex, 
and the zoospore escapes through the terminal pore (fig. 16C) 


Occurrence. 
freshwater alga, 


large 
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i oval 
and begins to roíate. The zoospore (fig. AR a M 
body of large size. The central part of it is occup 


Vaucheria, Fig. 16. 4, а 


Vaucheria fi 
gium; C, zoospore escaping; D 


4 огап" 
lament; B, formation of zoosp' D 


> ern 
» free-swimming zoospore; E, zoospore E 
nating. 


A 
ing. They swim about freely in wate 
for a while (half an on 
cilia and soon com The cilia are immediat oy 
withdrawn and a cell-wall is developed round them, At 
coming to rest the ZOOspores i 


à р ^ -Jike 
immediately by the protrusion of one or more tube 


becomes young and active; 


duction is known as Fejuvenescence, 
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A е Reproduction. This takes place by the method of 
fen Marton, that is, by sharply differentiated male and 
ru a € organs. Male organs are known as antheridia (sing. 
^ eridium) and female organs as oogonia (sing. oogonium), 
nd these are developed at scattered intervals as lateral out- 


Browths, In monoecious species of Vaucheria, antheridia 
by side on the same fila- 


a oogonia usually arise side 
ent (figs. 17B-C) or on short lateral branches of it (fig. 17А). 
The outgrowth that forms the eogonium swells out, as- 


sumes a more or less rounded form, and is cut off by a basal 
of the oogonium generally 


сунп (figs. 17A-C). The apex nit 
evelops a beak, either towards the antheridium or away 
fom it. The protoplasm of the oogonium contains much 
oil, numerous chloroplasts, but only one nucleus, and its 
Contents as a whole form a single large female gamete, i.e. 
the egg (ovum or oosphere), which completely fills the: 
Sogonium. The oogonium is at first multinucleate. but 
fore the partition wall is formed all- the nuclei except 
?ne return to the main filament or they degenerate. 


ANTHFROZOIDS 


ANTHERIDIUM 


and three oogonia on a short lateral 
e С, matüre antheri- 


Va 

Uchey.; e 
bran seria, Fig. 17, 4, an antheridium ogo! 
пер; сыр :recilY the filament; i 
diu 5 B, the same borne a дсй and oyum about to bo Р 
020103 H loped from the oospore. 


lized; D, pose new filament deve Х 

,, Fach antheridium arises as a short tubular Ма the 
"Се of the oogonium and simultancously with it. he ter- 
Mina] porti | БП fg cut off by а septum. and then it be- 
Comes T2. EYE antheridium (figs- 17А-С). е it үш 
Usually becomes much curved towards the oogontum. 


22 


v 
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The protoplasm contains numerous chloroplasts and wem 
Numerous male reproductive units or male gametes, : A = 
as antherozoids, are produced inside each antheri P 
They are very minute in size and are biciliated. The ci 
point in opposite directions, e 
Fertilization. Self-fertilization is the rule, but in diocciou A 
species crossfertilization is apparent. The заета 
bursts at the apex and many antherozoids collect ue 
the beak which opens at about the same time (fig, 17 } 
Several antherozoids may enter the oogonium through E 
beak but only one of them fuses with the ovum, whi e 
the rest perish. Thus fertilization is effected. After fertiliza- 
tion the ovum becomes invested with a thick cell-wall, an 
is known as the oospore (fig. .17D). ‘The oospore undergoes 
a period of rest and then it germinates directly into a new 


Vaucheria filament. Reduction division has not yet been 
observed in Vaucheria. 


CHAPTER 3 Microbes: Bacteria and Viruses 


1 71673) with the help of the microscop" 
considerably improved by himself (see also P. 146). Louis Pasteur (1957. 
1805) of France thoroughly establish 


cur almost everywhere—in Mr 
oodstuffs, fruits and vegetables. Mà 

ny are abundant in water; and ma? 
are specially abundant án the soil, particularly to a depth © 


half a metre, and also in sewage. A few thousands of the™ 
may occur in 1 c.c. 


of water, and a few millions in 1 gt@™ 
of soil. Many live within and upon the bodies of living 
plants and animals. The intestines of all animals alwa” 
contain a good number of different kinds of bacteria. ех 
Structure, Bacteria are the smallest and the most primit o 
cellular organisms known to us, and number about 29 
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species. They are mostly single-celled —usually spheri В 
like or branched. Their average size, рас ot poa 
spherical ones, may be stated to be 0.5 to 2 u (microns). The 
rod-like or filamentous forms may be as long as 10 а or even 
longer. 


VACUOLB 
MEMBRANE 


VOLUTIN 
GRANULE 


INCIPIENT NUCLEUS 


FiG. 18. A bacterial cell as revealed by electron microscope. 


Bacteria are only imperfectly seen under a compound 
microscope. The electron microscope, however, reveals the 
following structure in greater detail (fig. 18). There is a 
distinct but complex cell-wall made of proteins and carbo- 
hydrates; chitin is often present but seldom any cellulose. 
Surrounding the cell-wall there is frequently a slime layer, 
often changed into a distinct sheath or capsule. The capsu- 
lated form is very resistant to adverse conditions and to treat- 
ments; such a form is commonly the cause of a disease. 
Several types of bacteria are provided with one or more 
slender, whip-like threads called flagella originating from 
the cytoplasm; such bacteria are motile. Internal to the 
cell-wall there is a thin plasma membrane formed by the 
cytoplasm. The cytoplasm spreads uniformly throughout 
the cell, and contains many small vacuoles. stored food 
granules such as volutin. glycogen and fats, sometimes sul- 
phur also, and an ineipient nucleus. The active cell remains 
saturated with water. occurring to the extent of 90%. An or- 
ganized nucleus, as found in higher plants, is absent in bac- 
teria: nucleolus and nuclear membrane are absent. There is, 
however, a nuclear material (or chromatin) present in the 
bacterial cell in the form of 1 or 2 deeply staining bodies 
possibly representing chromosomes, Chemically these bodies 


v 
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are composed of twisted and folded strands of DNA E 
oxyribonucleic acid) which is the genetic material of a 
living cell. The DNA bodies divide prior to the division 


uted equally among thg 


the bacterial cell, and are distrib 
daughter cells. 


» 

i 

E 
ter) 

Р ete, 

Shapes of Bacteria, (| IRL , ш; 

shaped bacteria, eg. Bee d (sing. bacillus) are * 


cg =Mycobacteri berculo- 
sis, B. (= Clostridium) tetani, В. pide Me "à Coc! 
a coccus) are s ria, eg " staphylococcus 
Streptococcus, Di Ae ери 
(8) Spirilla (sin coccus, Azotobacter; 


are bacteria with th ; 3 à па; 
e.g. Vibrio cholerae. 5 body, slightly twisted like a com" 


Spore Formation (fig. 204). Some bacteria, particularly roti 
cell; they are alwa a Tospores, usually one in each pd 
cell; they rays TEDA ant 

y spores. The special HEU. 
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even several years. By this method bacteria, however, do 
not multiply in number. 


FIG. 20. A, spore formation in two types of bacteria; B, fission in bacteria. 


Physiology of Bacteria. Bacteria are lacking in chlorophyli 
and thus are mostly unable to utilize carbon dioxide for 
synthesis of organic compounds for their food. They are 
mostly heterotrophic in habit, leading a saprophytic or para- 
sitic life. A few, however, are autotrophic, i.e. they are able 
to manufacture food for themselves (see p. 265). Saprophytic 
bacteria live in media containing some organic food. They 
secrete enzymes to bring about the digestion of carbohy- 
drates, proteins and fats, and absorb the digested products 
as their food. Parasitic bacteria infect living plants and ani- 
mals, and absorb food compounds from their body by the 
same process of enzyme-secretion and digestion. 


Reproduction. Bacteria commonly multiply by fission 
(asexual method). Sexual reproduction in them is only 
imperfectly known. 

Fission (fig. 20B). Bacteria commonly divide by fission. 
A constriction appears around the middle of the cell and it 
becomes split up into two parts. These parts grow in size 
and form mature bacterial cells. By this method they may 
multiply rapidly. Hay bacillus (Bacillus subtilis), for ins- 
tance, divides 2 to 3 times an hour under favourable condi- 
tions. At the minimum rate of division a single cell may 
give rise to over sixteen million (16,777,216) offspring at the 
end of twelve. hours. 

Sexual, Reproduction, This is only imperfectly known, In 1947 Leder- 
berg and Tatum observed a sort of conjugation between two strains of the 


common intestinal bacterium (Escherichia coli). They are of the view 
that during conjugation a part of the nuclear material (chromosome) of 
one strain is injected into the other. The new cell with materials hes 


both the parent cells is more resistant to untoward external conditions 
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Jace 
than the latter, No multiplication of bacterial cells, however, takes р! 
by this method. 


ic 
any parasitic (or pathogen ) 
ivi i ic 
bacteria attack living plants, human beings and domest ЖЕ, 
mals, Cause various and often serious diseases in 


. They are.always dreaded x 
isi y they infect the host throug 


acterium) t 


leprae Causing leprosy, B. dyser: 
B dysentery, В, ( 


causing pneumonia, Vibri 


: e 
(the blood-poisoning bacteria) aT 
possibly the deadliest ¢ i 


ed by a raised margin. It occurs in most of the Citrus R^ 
chards in India, sometim g a serious turn. The E 
kerous spots become Corky and turn usually brownish : 
colour, affecting the shape, size, quality and appearance 
the fruits. The diseas 

i 5, and 
however, fungal diseases are 
terial diseases, while in anima 

Many of the bacteria are 
(fermentation) of cooked f 
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fruits, etc., particularly in storage during summer months, 
often involving heavy loss. 


Beneficial Effect of Bacteria. Aithough some bacteria (the 
disease-producing ones) are very harmful, it is a fact that a 
large number of them are very useful in various ways, parti- 
cularly in agriculture and some industries. Many bacteria 
are mature's scavengers. 

(1) Agricultural. (а) Decay of Organic Substances. But 
for the most useful work of many bacteria the dead bodies 
of plants and animals would remain unaltered, covering a 
vast area. Besides, organic compounds contained in such 
dead bodies would remain permanently locked up in them 
without any further use. Fortunately, bacteria act on these 
bodies and convert various organic compounds-into simple 
forms such as nitrates, sulphates, phosphates, etc., for utili- 
zation by green plants again. (b) Nitrification, Proteins 
contained in the dead bodies of plants and animals are acted 
on by different kinds of bacteria and ultimately converted 
into nitrates which-are then absorbed and utilized by the 
green plants (seë p. 240). (c) Nitrogen Fixation. Fixation 
of free nitrogen of the air by many soil bacteria like Azoto- 
bacter and Clostridium directly in their own bodies, and 
Rhizobium (nodule bacteria) in association with the roots 
of leguminous plants is very important from an agricul- 
tural standpoint. (d) Fertility of tbe Soil. The fertility of 
the.soil may largely be attributed to the activity of soil 
'bacteria (and also other soil organisms). They bring about 
physical and chemical changes in the soil, particularly con- 
versión of insoluble materials into soluble and suitable 
forms for absorption by green plants. "Thus they make the 
In addition, the conversion of cowdung and 
animal excreta into manure, and the formation of humus 
or leaf-mould are due to bacterial activity. 

(2) Industrial. From an industrial standpoint also many 
bacteria are most useful. Curing and ripening of tobacco 
leaves, fermentation of tea leaves, ripening of cheese, etc., 
for their characteristic flavours, retting of fibres as in jute 
and flax, manufacture of vinegar from alcohol by acetic 
acid bacteria, fermentation of sugar into alcohol by yeast 
and a few bacteria, curdling of milk by lactic acid bacteria, 


soil fertile. 


TV 
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conversion of hide into 
fermentation are specially important, 


ial diseases such as pneumoni 
ions, tuberculosis, typhoid, Si di 
eople throughout the world. 


ed essential for maintenance of 


some bacteria are consider- 
normal’ health, 

Viruses. Viruses (virus, Poison) are the smallest and possibly 
the most primiti i r 


t was found that the sap, fresh 
arts could infect healthy plants: 
diseases were discovered. Со 

are transmitted through insects °° 
through Contacts. They шау also be seed-, leaf, or stem 


i P 7 re 
oe А entirely parasitic, while they 2 
quite inactive outside thi 


virus 


: (a unique feature in a lying 
organism). In 1935 Stanley, an American microbiolog!® 
i mosaic virus (TMV) in the form od 
“rystals dissolved іп water and rubbed к 
healthy tobacco léaves quickly produce disease symptoms 
more have been obtained in such forms 
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Recent investigations, using electron microscope and 
X-ray photography, have revealed some detailed facts about 
viruses. Virus particles have no cellular structure. "They are 
complex organisms having a genetic mechanism. They are 
of varying shapes and sizes ranging in lengths from 
lüm, to 200 ma, sometimes up to 450 m, (1 my, = 
1/1,000 ,). Further, à virus particle contains a core of 
nucleic acid, mostly DNA (or sometimes RNA) surrounded 
by a thin film of protein (protein shell). The protein shell 
1s mainly protective in nature and is often very complex, 
while the DNA is a genetic (hereditary) material and is 
responsible for all biochemical activities. 

There are three kinds of viruses infecting plants, animals 
and bacteria, A few hundred plant diseases caused by 


Viruses have been recorded so far, 6.8. mosaic diseases of 
groundnut, mustard, etc.; 


tobacco, cabbage, cauliflower, 

black ring spot of cabbage; leaf roll of tomato; chlorotic 
disease of apple, rose, etc; leaf curl of cotton, bean, 
Soyabean, Zinnia, etc.; spike disease of sandalwood; yellow 
disease of carrot, beet, marigold, peach, etc. Some human 
diseases like mumps, smallpox, chickenpox, measles, polio, 
yellow fever, influenza, common cold, cancer, etc, are 
supposed to be caused by viruses. 


Bacteriophages. Some viruses als 
destroy their nuclear material; the 
phages (phagein, to eat): Such viruses 


o attack bacteria and 
y are called bacterio- 
have a tail and a 


a virus particle showing its structure 
DNA, deoxyribonucleic acid); BG, stages 
showing how а bacteriophage infects a bacterial cell, destroys the 

wn here diagrammatically as an oval body), 


bacterial chromosome (sho З 
and replicates itself, 


1. A, 
tein; 


Bacteriophage. Fic. 2 
and composition (P, pro 


; m. 
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AES i heath. 
urrounded completely by a contractile protein s А 
dur 4 head contains DNA. When the protein E 
tracts, the tail end penetrates into the bacterial ce am ki 
all of the virus DNA is injected into the latter, w ee 
whole of the protein remains outside, The oe ie 
virus now controls. the biochemical activities of the ап ane 
cell and, peculiarly enough, induces the latter to pr gi 
more of virus DNA and protein. The result is the appe of 
ance, within about 20 minutes, of several new strains а 
virus particles, destruction of the bacterial chromosome а 


finally bursting of the bacterial cell. No such effect is Po 
duced if the protein portion of the virus is injected. i 
the bacterial cell. Evid 


ently DNA is the genetic material 
(or gene). 


; A is 
Virus Reproduction. Outside the host body the virus 
inactive. But inside it t 


he virus DNA or RNA controls un 
biochemical activities of the infected cells which, peculiarly 


uction of virus has, however, been 
s in connexion with the bacterio- 
phage (see Fig. 21). Many types of viruses also ünderg 
mutation producing new kinds of disease symptoms in hos 
plants and animals. 


studied in greater detail 


CHAPTER 4 Fungi 


Classification of Fungi (90,000 sp.) 


Clas І, 


Myxomycetes or slime fi 
Class II. 


ungi (400 8p-). 7 
Phycomycetes or alga-like fungi (1,500 sp.), eg. Mucor: 


Class III. 


(25,000 sp.), e.g, yeast, Penicillium 
Aspergillus, etc, 1n them spores, called ascospores, nid 
» are formed endogenously in a sac ca 
ascuns. п 

Paidiomycetes or club-fungi (23,000 sp), eg. mushroom 
(Agaricus), rust (Puccinia), smut (Ustilago), etc. In 
spores, called 


Class IV. 


Clas ү, 


ар i (over 24,000 sp.), €g. Fusarium. In them 
the life-history ig imperfectly known, 
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Economic Importance of Fungi. The importance of fungi on human 
life, directly or indirectly, is immense, They have both harmful and 
beneficial effects in many ways. Like the bacteria many of them’ cause 
several, sometimes serious, diseases in man and domestic animals, Ring- 
worm, ear and lung infections arc common such diseases in man. Food- 
poisoning due to the infection of certain. poisonous fungi is not uncommon, 
Ergot-poisoning (ergotism) now and then takes place in those countries 
(cold) where rye (a cereal) is grown for bread. Many fungi (often species 
of Aspergillus and Penicillium) spoil bread and other foodstuff, Майу of 
such fungi grow on leather and leather goods, paper and books, linen 
and cotton clothes, rubber goods, wood, and cven valuable optical lenses, 
and cause considerable damage and decay in them, Damage to foodgrains, 
vegetables and. fruits in storage, often infected by moulds, “particularly in 
a warm humid climate, results sometimes: in a heavy loss. Many fungi 
Often cause serious diseases of crop plants grown for food and industry. 


Vegetables, fruit trees and timber trees are often attacked by a variety 
of fungi causing damage and. everi destruction, On the other hand, »many 
fungi have proved to be useful to man ind i s. Thus many 
in fungi, like certain bacteria, act on dea 
compose them and make the soil fertile (see р. 27 
leaf compost (a valuable manure) is made in pits in the ground under 
their joint actions, Some industries dealing with the manufacture of 
alcohols, wines and other liquors, certain organic acids (e.g. citric, lactic, 
oxalic, glutonic, fumaric, etc.) and many other products have developed 
pi the proper use of yeasts and cuin other E pice ESI 
5] {| " n use O! - 
WU ара анор ве ae a MEE of vitamins pe 
enzymes, ipeni d favouring of cheese depends on the use of 
tnim spit ob Pee Some wer medicines like rye ergot 
Containi rful alkaloids), 

тое sp Te some other drugs are fungal products. Some 
fleshy fungi (mushrooms, for example) are widely used as food. There 
are, however, many other fleshy fungi (toadstools, 
distinctly poisonous, Some wild animals like ra 


upon a variety of fungi. 


A. PHYCOMYCETES OR ALGA-LIKE FUNGI 


1. MUCOR (50 sp) 


Occurrence. Mucor (fig. 22) commonly called ‘pin-mould,’ 


is a saprophytic fungus. It grows on stale moist bread, 
rotten PR n. vegetables, shed flowers, wet shoes, 
animal-dung and other organic media, spreading like a cob- 
web» It can be easily grown in the laboratory on.a piece 
of moist bread kept under a bell-jar in'a warm place for 


three or four days. [Another very common mould closely 
related to Mucor is Rhizopus; 86 p. 351]. 


Structure. The plant body is composed of a mass of white, 
delicate, cottony threads collectively known Bs. Che ie 
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lium (fig. 22). It is always very much branched, but is coeno- 
cytic, i.e. unseptate and 
multinucleate. Each in- 
dividual thread of the 
mycelium is known as 
the hypha (pl. hyphae). 

Reproduction. Mucor 
commonly | reproduces 
asexually, and ѕоте- 
times sexually. 

Asexual Reproduction- 
This method of re- 
production takes place 
by means of spores (0 
gonidia) which deve- 

Mucor. ric. 22. Ramifying mycelia with lop in „а case, called 

Some sporangia (or gonidangia). Sporangium (or gont 

able conditions of ? dangium) under favour- 
moisture and temperature. It is seen 

numerous slender erect 


Ute DE S—the outer and the inner. The 
rae egion is dense and contains numerous nuclei, while 
€ inner region is thin and vacuolate and contains few 


Mucor, rig, 93, Development of s i ; ; А 

Sire porangium, spores and columella; ^» 

the end of the hypha swells; B, two regions Beran and light—are арра 

теп а layer ОЁ vacuoles between them; and C, mature sporangium (ps 
Sonidangium) with spores (or gonidia) and dome-shaped columella. 


ран Ву x wall mn appears round the central ad 
: 8 !t from the out i hic 
is dome-shaped and uter one. The central region, wW 


sterile, ie. without spores, is called 
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columella (C). The protoplasm of the outer region breaks 
up into a large number of small multinucleate masses. Each 
mass is a spore. Its wall thickens and darkens. The wall 
of the sporangium is thin and brittle. Finally as the colu- 
mella swells owing to accumulation of a fluid in it, it exerts 
a pressure on the wall of the sporangium which as a conse- 
quence bursts, setting the. spores free. The spores are 
blown about by the wind. Sooner or later under favour- 
able conditions they germinate in a suitable medium and 
grow directly into the Mucor plant. 


Sexual Reproduction. Sexual reproduction takes place by 
the method of conjugation (fig. 24) only under certain condi- 


Sporangiophore 


rig. 24 ric. 25 


tion. A-E are stages in the process; note the 


Mucor, то. 24 Ср E. ric. 25. Germination of zygospore. 


thick-walled zygospore at 


i i rly when the food supply becomes exhausted. 
Sent ше in the fusion of two similar gametes, 
ie. isogametes (cf. Spirogyra). The process is as follows: 
When two hyphae borne by two different plants of opposite 
strains (called the 4-strain and the— strain) come close toge- 
ther, two short swollen protuberances, called the conjugation 
j ming a contact at their tips (A). As they 


tubes, develop. for 
elongate they push the parent hyphae apart from each other. 
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Each tube enlarges and becomes club-shaped (B). Soon it is 
divided by a partition wall into a basal suspensor and а 
erminal gametangium (C) The protoplasmic contents of 
each gametangium constitute the gamete. The gametes, 
like the spores, are multinucleate. The two gametes afe 
identical in all respects. The end- (or common-) walls of 
the two gametangia get dissolved, and the two gametes fuse 
together (D) and form a zygospore (E). The zygospore 
swells into a rounded body, and its wall thickens, turns 


black in colour and becomes warted, It contains an abun- 
dance of food, particularly fat globules, 


-SPORANGIUM 


~SPORE 
GERMINATES 


279 


GERMINATING 


SUSRENSOR 
ZYGOSPORE SS 


ZYGOSPORE (+8 ~ 


FIG. 26. Life-cycle of Mucor 


doped so happens that conjugation does not take 
Sporelike bod ү Ra Em may be converted into a 2y89" 
Jermination ot ih ed the azygospore (or parthenospore)- 

€ azygospore has not been followed. 
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Germination of Zygospore (fig. 25). The zygospore under- 
goes a period of rest and then it germinates. The outer wall 
bursts and the inner wall grows out into a tube, called the 
sporangiophore or promycelium, which ends in a spherical 
sporangium. The sporangium contains numerous small 
spores but no columella. The spore germinates and gives 


rise to the Mucor plant. 
Rhizopus (85 sp.). R. nigricans 
(fig. 27) is а very common ‘black 
mould’ closely related to Mucor. 
It grows profusely in the same 
organic media and follows exactly 
the same life-history as Mucor- 
Morphological differences between 
the two, however, are as follows. 
Rhizopus consists of (a) clusters 
of much-branched absorptive hy- 
phae (rhizoids) growing gown- 
wards into the food medium; (b) 
groups of aerial hyphae (sporan- 
“giophores) growing upwards from 
the same node and bearing sporan- 
gia; (c) swollen nodes; and (d) 
curved hyphae (stolons) growing sporan 
outwards over the surface of the 
substratum and bearing rhizoids 

5 node in the opposite directions at 


and sporangiophores from the same i 
frequent intervals. Mucor is lacking in rhízoids and stolons, and in it the 


sporangiophores grow singly and directly on the mycelia. 


Rhizopus, FIG. 27. Note the rhizoids, 
giophores, swollen nodes and 
curved hyphae (stolons). 


COMPARATIVE STUDY OF SPIROGYRA AND MUCOR 

Habit and Habitat. Spirogyra is a green alga floating on stagnant water; 
while Mucor is a non-green saprophytic fungus growing in animal-dung, 
stale bread, wet shoes, rotting fruits, vegetables, etc. Spirogyra is autotro- 
phic, i.e. it manufactures its own food; while Mucor is heterotrophic, ieit 
absorbs ready-made food from the medium on which it grows. Carbohydrate 
is in the nature of starch in Spirogyra; while it is glycogen in Mucor. 

Structure, Each Spirogyra plant is a slender unbranched filament con- 
sisting of a row of cylindrical cells; while Mucor consists of a mycelium 
which is a network of white much-branched cottony threads (hyphae). 
Each cell of Spirogyra filament contains one or moré spiral bands of 
chloroplasts with numerous pyrenoids in them, and one nucleus, In Mucor 
on the other hand each hypha is coenocytic, i.e. unseptate and multi- 


nucleate, 
regular vegetative reproduction in Spirogyra 


R , There is no 
or ЗК normal method of reproduction is sexual in Spirogyra 
(asexual method being absent), and asexual in Mucor (sexual method 
being conditional). 

(à) ual Reproduction. This is absent in Spirogyra, whereas in 
м Ак is the commonest mode of reproduction. Thus the latter re- 
produces asexually by innumerable minute spores borne in sporangia, each 
at the end of an erect hypha. Each spore germinates-into a Mucor plant. 
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Буга and Mucor, if conjugation Ыы 
-walled spore called azygospor 


2. ALBUGO (25 sp.) 


‘down! 
Occurrence. Albugo candida (=Cystopus candidus) is a common ‘downy 
mildew’ (fig. 28). It grows as a 


parasite on many plants of the mustard 
family, e.g, mustard, radish, cabbage, turnip, etc., and causes а dise А). 
called ‘white rust’, White blisters appear on the stem and the leaf a 
Gradually the disease spreads to the flowers and the ovaries, The dise 
is not a serious one in India, 
Structure. The m 
‘plant and branch. profusel 
Here and there they sen 
living cells of the hı 


ing the Sporangia); p, 
dividing; p, 


Bermination of a 
zoospores escapi: 
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nucleate sporangia in chains at the ti i 
from one arene by short necks Ease let eens AC 
gets ruptured and the sporangia appear on the surface asa White Е Me 
mass. The sporangia are now blown by the wind to other plants 290 егу 
tents of each sporangium (fig. 28 D, A) divide to form а few (4 oe 
more) zoospores, each with two lateral cilia, The sporangium ze or 
and the zoospores escape (fig. 28 D, B.). They swim in water for Este 
time (fig. 28 D, C.), Soon they lose their cilia; cover themselves E 
wall and соте чо rest. Later they germinate by producing а ge: nii 
(fig. 28 D, D) which enters the host plant through a stoma NS 
a sporangium germinates directly without forming zoospores. i 

Sexual Reproduction (fig. 29). 
In the intercellular spaces of 
the host the hyphae form sepa- 
rately male and female organs 
called gametangia. The tip of a 
hypha swells and gives rise to a 
spherical multinucleate female 
gametangium called the oogo- 
nium. It shows two distinct 
zones: a dense central zone called 
the ooplasm, which is the egg- БАЙЕР 
cell ог oosphere with an egg- ^ GOSPORE) 
nucleus in it (other nuclei of = 
this zone usually degenerate), and 
a lighter multinucleate outer 
zone called the periplasm. Simi- 
larly the tip of another hypha 
close to the oogonium swells and 
gives rise to a club-shaped multi- 
nucleate male gametangium call- Albugo, Fic. 99, A, fertilization; B, 
cd the antheridium. Tt 500" — jycote Yoospore); С, germination of 2y- 
comes in contact with the Wall gote; zoospores escaping into а vesicle; 
of the oogonium and produces and p, biciliate zoospores after escape. 


a beak or fertilization tube 

which penetrates into the oosphere, One or more male nuclei are set 
free through this tube but only one of them fuses with the egg-nucleus. 
Thus fertilization js effected (4). The zygote (oospore) formed as a tesult 
of fertilization covers itself with a thick wall (B). The periplasm is used 
up in the process. The zygote is liberated only after the decay of the host 
tissue, Later it produces numerous (over 100) small zoospores which escape 
into a vesicle (zoosporangium: C). Each zoospore develops two cilia laterally, 
The vesicle dissolves and the zoospores are set free to swim about in 
Water (р). Finally they germinate under appropriate conditions by pro- 
ducing а germ tube which, infects the host, 


3. PHYTOPHTHORA (20 sp.) 
cies of Phytophthora are widely distributed, 
and in India several species occur as common parasites on 
potato, tomato, pepper: coconut-palm, palmyra-palm, tobacco, 
castor, taro (Colocasia), etc. Phytophthora infestans attacks 
potato plants and causes a Serious disease known as ‘late 


Occurrence. Spe 


23 
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: ills 
T i i turn in the hi 
ight’. The disease takes a more serious 
Hee ia iiis pleins In the hills the disease frequently appears 


; В, 
Phytophthora, Fig, 30, A, a Potato leaf showing the infected PH 
sporangiophores protruding through the stomata and bearing spo 
: C, haustorial hyphae, 


in cpidemic form, causin; ‹ der- 
patches appearing on the leaves, mostly on their un 
surface, indicate the di i 


ts 
Own to the underground part? 
particularly. the tubers, T 


over to the neighbouring 
conditions 


"Ehe fung 
Sexual reproduction, tho 


asexually: 
us commonly reproduces азехи ed 
in pure culture and lat 


X v 
ugh not common, was first obser 
er in infected tubers, x 

А r 
Asexual Reproductio, e For this purpose sporangioph? 
80% out in small grou 


wer 
Ps through the stomata on the 10 А 
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surface of the leaf (fig. 30B). On thé tuber they, however, 
appear in large numbers. The sporangiophore is branched, 


Phytophthora, Fig. 31. Asexual reproduction; 4, a sporangium; B, a 
Sporangium becoming a zoosporangium; and C, zoospores escaping; D. 


, 
zoospores germinating on the host plant and a germ tube penetrating 


through a stoma, 


and the branches bear several multinucleate lemon-shaped 
sporangia, each at the tip of a branch, Each branch, how- 
ever, continues to grow pushing the sporangium aside, and 
again it forms a sporangium at its tip. The terminal 
sporangia thus become lateral as a result of zig-zag growth 
(a sympodium) of the sporangiophore. Further, a distinct 
nodular swelling of the branch is seen just above thc 
sporangial base. When mature, the sporangia are dispersed 
by wind or washed away by rain. Commonly -at high 
temperature the sporangium germinates directly on а 
potato plant by pushing out a germ tube. At low tem- 
perature, however, the contents of the sporangium (fig. 31A) 
divide into several uninucleate segments’ (fig. 31B). Each 
segment then develops into a biciliatc zoospore, with the 
two cilia attached laterally. The tip of the sporangium bursts 
and the zoospores escape (fig. 31C). They swim for a while, 
then come to rest, lose their cilia and form a wall round 
each. Under favourable conditions of temperature and 
moisture they germinate on the leaf by prodacing a germ 
tube which penetrates through a stoma into the tissue of 
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Е апу 
the leaf (fig. 31D). The disease may rapidly ше x share 
plants by this method. Sporangia and zoospores DAL. 
lived, and the fungus hibernates in the tuber n ut sod 
of mycelia. Thus initial infection of the potato pla 
from this diseased tuber. 


ia 
Sexual Reproduction. Antheridia (male) and oogon 


(female) develop for 24 
purpose from the hei 
neighbouring Вур аа 
(fig. 32). T he oogon! 4 
is spherical or p 
shaped, with a ET 
reddish-brown wall. x 
contains a large ae 
phere or egg-cell, ly? 3 
loose and free will 
it, surrounded by NS 
scanty zone of Ро 
plasm, called the Рё” 


1 

ucle 

HIG. 32. Sexual reproduction in plasm. All the n 
Phytophthora, 


one egg-nucleus of the oos 
ium is broadly club.sh 
oogonium. It contains ma 
except one male nucleu 
the oogonium, as it grows 
dium and swells above it, 


OOSPHORES 


pel 
SO swells and forms a ode 
se of the oogonium. Altho" P. 


egg-nucleus. After fer eae ore 
Oospore that is formed lies loosely in the oogon' gt 
Germination of the 9ospore has not been observe sport 
Sometimes the antheridium mz not develop, The 00 
may then be formed parthenogenetically, 

Control of the Disease, 
controlled by spraying t 
high, with Bordeaux 


pe 
M 
(1) Spraying. The disease и 
he plants, when they are 1 E pr^ 
mixture which contains 


FUNGI 357 


hydroxide. Spraying should be repeated every 10 or- 15 days. 
(2) Selection of Seed-tubers. Tubers suspected to be diseased 
should be avoided. Seed-tubers obtained from non-infected 
areas are the best in this respect. (3) Low Temperature. 
Storage of seed-potatoes at a low temperature, 4-5°C., is also 
practised. 


B. ASCOMYCETES OR SAC-FUNGI 
4. SACCHAROMYCES (40 sp) 


Occurrence. Yeast (Saccharomyces) grows abundantly in 
sugar solution such as the juice of date-palm, grapes, etc.; 
it is also present in the soil of the Vineyard and in the air. 
Yeast has the special property of changing sugar into alcohol 
and carbon dioxide. Because of this property yeast is regard- 
ed as very important economically since several industries 
have developed on this basis. Thus yeast is widely used in 
the making of bread, industrial alcohol, beer, wine, toddy, 
etc. Of course different species and strains of yeast and also 
different media are used for the above preparations, Yeast 
also prepares several vitamins in its body and is rich in 
proteins and fats. It has thus a medicinal value. In making 
bread the species Saccharomyces cerevisiae is largely em- 
ployed all over the world. When this bread-yeast is added 
to the mixture of flour and water and kept at baking 
temperature the yeast cells multiply rapidly and begin to 
secrete an enzyme (zymasc) which ferments the sugar of the 
flour, i.e. it breaks down the sugar into CO, and alcohol. 
CO, formed during the fermentation is retained in the 
bread making it soft, spongy and flavorous. while alcohol 
escapes. 


Structure (figs. 33-34). [Yeast was first microscopically 
examined by Leeuwenhock in the year 1680. Its true 
nature was discovered by Schwann in Germany as late as 
1836.] Its structure is simple. A single cell represents the 
whole body of the plant. It is very minute in size and looks 
like a pinhead under the microscope (33A) Each cell is 
oval or almost spherical, provided with a distinct cell-wall, 
and contains a niass of cytoplasm with one or more vacuoles 


and a single nucleus. The nucleus contains a large vacuole 


TV 
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Yeast. Fic. 33. A, yeast cells as seen under the 
microscope; B, budding. 


(fig. 34), and this nU 


. cur 

CELL-WALL clear vacuole is PR 
ES n 

CENTROSOME liarity of yeast., cleat 

NUCLEAR vacuole: Vacuole lies the п ed in 

CHROMOSOME reticulum. Embedd' ait 

NUCLEOLUS the cytoplasm there m 

GLYCOGEN granules of glycog in 

protein and voluti! 

MITOCHONDRION 0? 


and also several © 
globules. Mitochondt# 


FIG. 34, One yeast cell (та i- eRe 1 
fied) showing the nuclear nae Reproduction commn 
Г takes place by budd! 
and sometimes by fission, and rarely sexually, as obser" 
in a few species. 


(D By Budding (ig. 33). This is a common method 7^ 
yeast cells growing in sugar solution. As the OW 
changes are noticed: budding of s E and. alcoholig 
fermentation of sugar solution (see p. 360), In the process 

budding each cell gives rise to one or more tiny outgro off 
which gradually increase in size and are ultimately cut c£ 
from the mother cell; these then lead a separate existe? 

The budding may be repeated, resulting in the formatio" 4 
опе or more chains and even sub-chains (sometimes C? 


i i | 
pseudomycelia) of bead-like cells; these cells ultimately 
= a from one another into individual one-celled Y 
plants, 


jou 
(2) By Fission (fig. 35) Some yeast célls, called fissi 
yeasts, multiply by division, In this process the mother 
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at first elongates, and then its nucleus divides into two.. 
"The two nuclei move apart, and a transverse partition wall 
is formed somewhere in the e 
middle of the mother cell, thus Cx» ( 
dividing it into two parts, each eU 
with a nucleus. The two parts D Sy, 
then separate from each other fA SED 3 
along the partition wall, form- L3 ( 
ing two independent yeast cells. 

(3) By Sexual Reproduciion Fic. 35. Fission in yeast. 
(fig. 36). Some species of yeast 
also reproduce by the sexual method (conjugation). In this 
connexion it may be noted that the somatic (i.e. vegetative) 
cells of yeast may be diploid (2n) or haploid (n), while the 
ascospores are always haploid (n). The zygote is of course 
diploid (2$). Sexual reproduction may take place between 


Fic. 96. Sexual cycle in a yeast (Saccharomyces octosporus), 


two haploid somatic cells or between two ascospores, result- 
ing in both the cases in'a diploid cell (with 9n zygote). This 
diploid cell by budding gives vise to diploid somatic cells 
(2n), or it may behave as an ascus with 4 or 8 ascospores (n) 
formed in it by meiosis. ‘The ascospores multiply 


D : r ү by bud- 
ding, or they may take to conjugation in pairs. "Three 
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i bserved 
atterns of sexual reproduction have so far been P4 ue 
fa dfferent species of yeast (Saccharomyces), leading 
patterns of life-cycle, as follows. 


i diploid (Zr) 
rtain species, as in 5. octosporus (fig. 36), the deca Tit 
Од n Very ER ABE the haploid (n) phase is a роо Ar the 
l cael reproduction two somatic cells (n) at first come in co njugating 
pote of tons) they send out short, neck-like protuberances Ean) to the 
tubes) which unite by their tips, The two nuclei then, P нр пайа 
conjugating tubes, The partition wall is dissolved, an ments of the 
fuse at the neck, The conjugating tubes widen and the i nim formed 
two cells unite, resulting in a zygote (2n). The diploid се ЖЕКА 
Brows and behaves as an aseus. The zygote nucleus now i ned (cadi 
the first division being meiotic, and thus 8 nuclei. are laces T 
haploid or m). Each nucleus forms a wall round itself, e АО, аси. 
becomes an ascospore (n). Thus there are 8 ascospores in E ‘ascospore 
The wall of the ascus breaks, and the ascospores are set free. Еа transverse 
enlarges and becomes a somatic cell (n) now. It divides by a take 10 
wall into two daughter cells (л). Sooner or later they may ES "m 
conjugation with similar other haploid cells under suitable co: 


ife. cycle 
Commonly, however, they multiply by budding. The pattern of life-cy 
is outlined below, 


в 2 
Yeast. (somatic) cells (n) by fusion in pairs (пл) > zygote (2n) by meiosis 
8 ascospores (n) in ascus, by budding + yeast (somatic) cells (n). Wate 
(b) In certain other species, as in S. ludwigii, the diploid (2m) Р айс 
is prolonged, while the haploid (n) phase is very short. Here the so аге 
cells (2n) enlarge and behave as asci. In each ascus 4 ascospores E 2 
produced by meiosis. They fuse in pairs within the ascus, product Lr 
Bote grows into a Mycelium (sprout тусем 
somatic (yeast) cells (2n) by budding. The patte 


Somatic cells (2n) by meiosis 4 
pairs —2 zygotes (2л) -»sprout 
cells (2n), 

(c) In still other Species, as in bread yeast ha 
(haploid and diploid) are more or less equally important since each Р 15 
may continue indefinitely by such haploid soma ding 
may fuse to. produce a ў It continues to muhiply by bu nave 
into innumerable 1а (yeast) cells (2n). Later they may ion 
as asci, each with 4 ascospores (n) formed within it by meiosis. mer- 
liberatio; cos i i to multiply by budding into ш 
able small somatic (yeast) cells (n). The pattern of life-cycle is out 
below : 


" in 
ascospores (n) in ascus, by fusion 
mycelium (2n) by budding 50: 


; tic 
Somatic cells (лу by fusion in pairs -> zygote (2n) by budding- UAE. 
cells (2n) by meiosis > 4 ascospores (m) in ascus, by budding.» 60 


Alcoholic Fermentation, The 
elaborately studied by Louis Pasteur about the усаг b 
When the yeast cells gros in sugar solution, as in date-P4 p 
juice, Palmyra-palm jui grape juice, they set e 
fermentation (see pp. 28485) in it by means, of an enzy™ 
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(zymase). Sugar is decomposed, and alcohol and carbon 
dioxide are the. chief products formed. Carbon dioxide 
escapes, and often gives rise to frothing on the surface of 
the solution. Fermentation takes place only wheh the supply 
of oxygen is cut off. Sugar undergoes the following chemical 
change: C,H40, (sugar) + zymase > 2C, H,OH (alcohol) + 
2CO, +zymase + energy. 


5. PENICILLIUM (187 sp.) 


Occurrence. Penicillium (fig. 37), commonly called blue or 
green mould, is a very common and widely distributed 
fungus, growing on bread, vegetables, fruits, jams, leather, 
leather shoes, etc. Most species of Penicillium are sapro- 
phytic in habit, while a few are parasitic on animals in- 
cluding human beings. Spores of this fungus are present 
almost everywhere in the soil and the air, and are often 
sources of contamination of foodstuffs including fruits and 
vegetables. Penicillium notatum is the source of the world- 
famous penicillin (an antibiotic) which was first isolated 
from this fungus by the late Sir Alexander Fleming, a 


bacteriologist, in 1929. 


ASCUS 
ASCOSPORES 


SOS» 
CES, 


PERIDIUM 


ANTHERIDIUM 
et ere) 
5А 


AJA 


Penicillium. FIG. 37. A, branched conidiophore; B-C, sex organs: 


D, cleistothecium,, 
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of 
rücture. niycelii i i mass. 

ture. The- ‘Om -consists of an interwoven { 
(зб which spread over .the surface of the substratum. 


penetrating here and there into it. The hyphae ate branched, 
septate and multinucleate. 


ог irregularly, in а broom-like fashion, 


observed. 
not functi ?9cogonium is a long, straight and e. 
what club-shaped body. It is at first uninucleate but later 1! 

mes multinucleate by re ivi te 
A slender hypha (antheridial hypha) arises from a separa 
Vegetative hypha and twining round the ascogonium 
UP to'a certain height. Tts swollen terminal cell is-the anthe- 
Fidium; It is utiinucleate, and i е 


his pairing of the nuclei the ascogonium divides 
18:0 а number of binucleate cells which produce numerous 
hyp €—the а 


hyphae. The pairing nuclei pass 
into the .ascogenous hyphae whi 
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two nuclei fuse in ће young ascus. In the meantime a closed 
‘fruiting’ body called eleistothecium (fig. 37D) is formed from 
the surrounding vegetative hyphae, enclosing the asci. It has 
а protective wall called peridium which is psendo-paren- 
chymatous in nature. Meanwhile the zygote nucleus (27) 
of the ascus divides thrice, the first division being meiotic, 
and thus usually 8 ascospores (n) are formed in each ascus. 
The asci dissolve away soon, leaving the ascospores free in 
tke cleistothecium. After the decay-of the peridium the 
ascospores are blown away by the wind. 


6. ASPERGILLUS (78 sp.) 


Occurrence. Aspergillus (fig. 38),- commonly called blue 
mould, is a very widely distributed fungus like Penicillium, 
and its spores are abundant in the air and in the soil, Species 
of Aspergillus commonly grow on almost all kinds'of food- 
stuffs including butter, bread, fruits, vegetables and jams, 
and on leather goods, fabrics and books, sometimes causing 
considerable damage to them, particularly during the rainy 
scason. Air-borne spores (conidia) are often sources of conta- 


Aspergillus, FIG.: 38. A, conidiophore with prim i 
p secondary sterigmata (SS), conidia, vesicle "E b ex d i 
ttom); B, sex organs: antheridium (AN) and ascogoni ed 
C, sterile hyphae (ST) enclosing the ascogonium; D. dise " (48); 
E, ascospores of different species, ў арас. 


364 ^ CLASB-BOOK OF BOTANY PART V 


parasitic on animals includi 

diseases of the ear and the lungs. 

Aspergillus can produce a large n 

i : economically an important 

fungus. Some species (e.g, 4. $7)22e) aré“used industrially in the manufác- 

ture of alcohol from rice starch, apd some species used in the manufacture 
of certain organic acids (e.g. citric, gli 


uconic, etc.) on a commercial basis. 
enzyme preparations have also been made possible ‘through their 
activity. Some species are Sources of cert: 


ain antibiotics. 
Structure. The m 
hyphae Which branch freely a 


Reproduction. Aspergillus fre 
conidia. Only a few Species re 


i one ] i the cells 
come bottle-shaped, Bach wien € layer is present the 


a few species of Aspergillus 
5 een Observed but perfect stages 
Sre not known. Antheridia (male) and ascogonia,(female) тау 
А formed in them for the above Purpose (fig. 38B). They 
cP from separate Specialized. vegetative hyphae lying 

95€ together, or from the Same hypha at different levels: 
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Both antheridium and ascogonium are unicellular but 
multinucleate. The ascogonial hypha, as it grows, becomes 
soon differentiated into three parts: а unicellular, tightly 
coiled structure—the ascogonium, a terminal cell (which 
is the receptive neck of the ascogonium)—the trichogyne, 
and a multicellular stalk. The antheridial hypha, growing 
by the side of the ascogonium, climbs it. Soon it cuts off a 


terminal cell—the antheridium. It further climbs and its 
tents of the antheridium 


within the ascogonium, whatever t 
becomes septate forming а number -of binucleate cells. 
These cells now produce several 
branch within the ‘fruiting’ body (s a ; 
septate, with binucleate cells, and produce asci at their tips. 
The asci are spherical, oval or pear-shaped, and binueleate. 
The two nuclei fuse in the young ascus, and the zygote nu- 
cleus (2л) divides thrice (the first division being meiotic) to 
form 8 nuclei. Each nucleus (n) clothes itself with a wall and 
becomes an ascospore (n). Thus there are 8 ascospores in 
each ascus, The ascospores are р in shape being like 
pulley-wheels (fig. 384). In flat view however, they-are com- 


monly spherical, oval oF star-shaped. 
after the formation of the sex 


In the meantime, 500П , 

Organs, a number of sterile vegetative hyphae grow up the 
ascogonium (fig. 38C) and enclose it as a sheath called the 
Peridium which. is pseudo-parenchymatous in nature. The 
Peridium enclosing the asci appears as a small globose body; 
this is the ‘fruiting’ body of the fungus and being closed is 
Otherwise known as the cleistothecium (fig. 38D). The asci 
within the cleistothecium soon dissolve away, leaving the 

ed within it. The peridium decays, 


ascospores free and scatter! 
and the ascospores ате blown away by the wind. They 


germinate under suitable conditions by producing a germ 


tube. 
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С. BASIDIOMYCETES OR CLUB-FUNGI 
7. PUCCINIA 

Puccinia, commonly called rust, 
attacking a number of econo: 
and also other plarits. Some. 


ing two distinct host plan 
while others are autveci 


is a destructive раган 
mic plants, particularly сес 
species are heteroecious теди» 
ts to complete their lifc-cyc F 
ous requiring only one host plant- 


P. graminis is heteroecious, atta 
in rotation. It causes a Serious 
"black rust', sometim 
It also attacks barley, 


cking wheat and barber 
disease in wheat, called р з 
es resulting in a heavy loss of crop. 


39C) appear as reddish-brow* 
UREDIUM WITH UREDOSPO B 


A B eins NE 
Puccinia. ric, 39, Uredium and uredospores. 4, aecióspore germinating in 
Wheat leaf through a stoma; B, wheat leaf with uredia, С, a urediti ost 
Section showing uredospores (binucleate, ac 


T and —) D, a ш 
germinating on whe: 
Streaks, The uredi 


at leaf. hac: 
7 : 2 aedium consists of numerous slender hYP av 
mach ending in a rough-walled, reddish or brownish, Di? 
eater (+ ап E) Spore called uredospore. This stage 
known as the ‘red rust? 


atures 
of wheat. The spores, when mat 
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are blown about by the wind and they directly infect the 
wheat plants in the field. The’ spore germinates through a 
stoma by producing a germ tube (fig. 39D). The discase 
may appear in an epidemic form, causing a heavy cco- 
nomic loss. 

(b) Telium and Teliospores (fig. 40). In late summer the 
mycelia still existing in the wheat plant grow and mass 
together below the epidermis, producing black spots or 
streaks on the stem (fig. 40A) and the leaf, Each such spot 
Or streak is called telium (fig. 40B). The telium consists of 
а large number of slender hyphae, each ending in a black 


Puccini, " Р wheat stem showing telia; В, а 
СИ РЫ те, pobres 9; C, а téliospore MADE 
and producing basidium and four basidiospores (uninucleate, + or —). 
ог dark-bro slongated, heavy-walled, two-celled spore 
called the НЕ Ка cell + -) ‘This stage is called 
the “black rust? of wheat. A young teliospore has two binu- 
Cleate cells (each + and —). The two nuclei of each. cell 
USe, indicating a reduced form of sexual act. The mature 
teliospore has thus two uninucleate cells (each + —). The 
teliospore is a resting spore and can tide over severe condi- 
tions of winter, remaining in а dormant condition on wheat 
Plants or in the soil. 

(c) Basidium and Basidiospores (fig. 40C). The two cells 
Of the teliospore germinate independently, each giving rise 
to a slender, elongated hypha called the basidium. It has 
four terminal cells, each producing a short, slender stalk 
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; € 
called the sterigma. The sterigma forms at its tip a вра 
called the basidiospore. The diploid nucleus (+ —) 0 ‘dial 
teliospore undergoes reduction division so that the ы z 
cells and the basidiospores become haploid. They 2 i 
course uninucleate but are of opposite strains (tWO- 


dies re 
two—). Puccinia is thus heterothallic. Basidiospores 2 
blown about by the wind. 


barberry leaf by 
into the leaf t 
mycelia formati 


n 
eaf surface (fig. 41B). As ps 
is more or less flask-shaped 7 
h numerous fine paraphyse, 4 
outwards through a pore @ 
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SPERMOGONIA WITH SPERMATIA 


Puccinia. кс, 41, Spermogonia and 5 
On barberry leaf througi 


inatit 
IBS an min’ 

permatia, 4, a basidiosporc C'T yer’ 
Spermogonia; 


ә se ia 
h the cuticle: B, infected leaf showing ^ oni 
C, infect 


Sd leaf in section showing © two spony pha 
(+ or —); note the Spetmatia and receptive hyphae; D, spermatia’ iac 
cutting of spermatia (4 or & 


i ) E, spermatia and receptive МУР 
Opposite strains uniting (nuclei, however, do not fuse): 
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the ostiole. The fertile hyphae cut off at their ends 
numerous uninucleate cells (fig. 41D) called spermatia 
(+ or —). Besides, some special hyphae called the receptive 
hyphae also project outwards. The spermatia are exuded 
through the ostiole in a drop of sweet fluid. Now, insects 
attracted by this fluid visit the spermogonia and carry the 
spermatia from one spermogonium (say, +) to the recep- 
tive hyphae of another spermogonium (say, —). The 
contents of the spermatium pass into the receptive hypha 
but no nuclear fusion takes place (fig. 41E). The receptive 
hyphae, now with binucleate cells (one + and one —), 
grow and extend towards the lower surface of the leaf, 
forming the next stage (aecium). 

(e) Aecium and Aeciospores (fig. 42). The aecia appear 
9n the lower surface of the leaf as cup-like blisters, com- 
monly called the cluster-cups (fig. 42A-B). To start with, the 


a 
UIDES 


€ 
4 


c AECIUM WITH AECIOSPORES * 


Puccinia. ric. 42. Aecium and aeciospores. A, clusters of aecia on barberry 

leaf; B, a cluster (magnified); C, an aecium in section showing aeciospores 

(binucleate, + and —) and peridium; D, a chain of aeciospores and sterile 
cells produced in an alternating manner, 


receptive hyphae with binucleate cells (+ and —) begin to 
cut off chains of large, orange or yellow, binucleate cells 


(spores) called the aeciospores (+ and —), and small sterile 
cells (also binucleate, + and —) in an alternating manner 


24 


370 
(fig. 42C-D) 
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idi also 
- A protective layer called the pori 
develops surrounding the aecium. The P, ES wind. 
and the binucleate aeciospores are blown about ay N 
If they happen to fall upon the wheat plant they 
(fig. 39A), and the life-cyċle is repeated. k a 
Control. No special method has been discover E 
prevent or radically Cure the disease. Certain oii (1 
however, have been devised to control its inte Evolving 
Eradication of barberry bush near a wheat. field. (2) Ro 
Tust-resistant varieties by Cross-breeding. (3) Elm Selec- 

i heat in the hills during summer. (4) 

stant varieties, 
8. AGARICUS (about 70 Sp.) 


Occurrence, 


A. campestris i 
fields, Хх 
Edible and Poisonous Forms, 
Species of 
ible, many 


Species of SS 
edible, Particularly = 
when they are 


mycelium consi 
of 


(anastomose) at 
points of contact and 
orm a network in the sub- 
stratum, The hyphae are very 
mainly consisting of binucleate 


ound 
Agaricus FIG. 43. Two plants ўа. 
and old, with ramifying юу! rater 
slender, hyaline te ate 
cells (+ and —). T 
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secondary mycelia. At an early stage when a. basidiospore 
(+ or —) germinates it produces a primary mycelium 
(+ or —) which consists of uninucleate cells. It is short- 
lived. Soon, however, two such mycelia of Opposite strains 


Agaricus. 
6З Fic. 44. 
A gill in section. 

H, hymenium 
(basidia and 
paraphyses); 

H', sub-hymenium; 

T, trama. 


a 


(+ and —) come into contact and fuse. There is fusion of 
protoplasts only but not of nuclei. The new hypha thus 
formed is called the secondary mycelium, and its cells are 


Agaricus. ric.45. Left, a portion of the gill in section; 
right, a basidiospore shooting off. 


typically binucleate (one + and one —). The, secondary 
mycelium rapidly spreads in all directions through the sub- 
stratum, perennates from year to year, and in season pro- 
duces the main aerial fleshy body which is the fructification 
or fruit body of the fungus, otherwise called the hasidiocarp 
(basidia-forming body). 


rV 
372 A CLASS-BOOK OF BOTANY PART 


Basidiocarp (fig. 43). It consists of a fleshy stalk know? Е 
the stipe and an umbrella-like head borne on its top, kno 
as the pileus (a hat). The whole body of the fungus A 
composed of an interwoven mass of hyphae, looking a 
section like а 15506 а false tissue, known as pseudopart. 
chyma., When young, the fructification is spherical or oy М 
in shape (button stage) and is completely enveloped by 
thin membranous covering, called the veil or velum. wi Д 
rapid growth of the pileus the velum gets ruptured while А 
part of it remains attached to the stipe in the form of 1 
ring or annulus. Ultimately the pileus spreads in ап b. 
brella-like fashion on the top of the stipe. From the unde’ 7 
surface of the pileus suspend a very large number of tht 5 
-vertical plate-like structures, extending from the stipe t° t 

margin of the pileus; these are known as the gills or leme Ed. 
They vary in number from 300 to 600 for each fructificatio’ 


Each gill bears innumerable spores (basidiospores) ОП 
surfaces, 


Gill (figs. 44-45). A gill in section shows a central portion 
called trama which is an interwoven mass (false tissue € 
long slender hyphae. The hyphal cells of the trama C" ет 
outwards on either side of the gill and terminate in 2 lay a 
of small rounded or oval cells ——the sub-hymenium, ап Jis 
layer of club-shaped cells the hymenium. Many of the oe 
of the hymenium hear spores and are called basidia; W k 


others are sterile and are called h рай 
bears four basidiospores EE MA 0 


2+а - on a * 

slender stalk known as s rad СР Dainty & ue 
cultivated mushroom only two basidiospores develoP- . ma 
basidiospores, when mature, shoot off from the 516! me 
with a drop of water (fig. 45 right). Later they germina, 
under favourable conditions, and the life-cycle is тереё fe 
Reproduction. There is no regular asexual phase in the д 
cycle of Agaricus. Sometimes, however, it reproduces axe 
kind of ‘resting’ spores called chlamydospores МІС? xg. 
certain enlarged thick-wall 3 vegetative cells of @ BYP с 
They germinate by producing a germ tube. Sexual rep "сева 
tion takes place by the fusion of two primary put 


( + and —), as already described. Besides, a very shor о? 
д ar sexual phase is represented by the complete , гре 


two haploid nuclei of opposite strains (+ and — 
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young basidium. The diploid zygote thus formed (evidently 
+ —) divides by meiosis to form 4 haploid nuclei (2+ and 
2—) in the basidium. The nuclei migrate singly, each into 
a basidiospore through the sterigma. Evidently 2 basidio- 
spores are of +strain and the other 2 of —strain. On germi- 
nation the +basidiospore produces +primary mycelium, 
and the — basidiospore produces — primary mycelium, as des- 
cribed before. 


Plant Diseases caused by Fungi 


Symptoms, Causes and Effect. Many parasitic fungi attack several field 
crops, cultivated and ornamental plants and even wild ones, and cause 
various and often serious diseases in them, Symptoms of diseases may 
appear in various forms such as leaf spots, curls and discolouration, rots, 
blights, rusts, smuts, mildews, wilts, hypertrophies, etc, The fungi plun- 
der the food stored in the host plants, block the conducting tissues, des- 
troy the affected cells and tissues, produce toxins (poisons) and finally 
cause their death, The annual loss in agricultural crops on this account 
alone is very heavy. A plant may sulfer from more than one disease at a 
time, Some such diseases are as follows. 

A. Late Blight of Potato. This is a serious disease, particularly com- 
mon in the hills, and is caused 'by Phytophthora infestans (class Phyco- 
mycetes), In this disease black patches appear at first on the undersurface 
of the leaves and soon spread to the entire leaves and to all parts of the 
plant, including the tubers, If the weather is warm and humid, and the 
soil water-Jogged, the disease rapidly spreads to the neighbouring plants 
through the multinucleate sporangia of the fungus, ‘The fungus finally 
causes ‘wilting’ of leaves and ‘rotting’ of tubers. Control (c) Spraying 
the young plants with Bordeaux mixture (a mixture of lime and copper 
sulphate). (b) Selection of seed tubers from non-infected areas, (c) Storage 
of seed tubers at a low temperature—4*-5*C. 


B. Rusts, Wheat suffers from a variety of rust diseases caused by species 
of Puccinia (class Basidiomycetes) such as black or stem rust by P. graminis, 
yellow rust by P. glumarum, and brown rust by P. triticina, All these 
rusts are common throughout india. Puccinia graminis, however, is a 
virulent type of parasite, and often causes a serious discuse of the wheat 
plants both in the hills and the plains, The disease at first appears as 
reddish-brown spots and streaks on the stem, leaf-sheath and leat due to 
the formation of uredia with uredospores; this is the “red rust’ stage of 
the disease, The uredospores, when mature, are blown about by the wind, 
and they may directly infect other healthy wheat plants. "The disease may 
thus break out in an epidemic form, causing considerable damage to 
the crop. Later, dark spots appear on the stem, leaf-sheath and leaf due 
to the formation of teha with teliospores; this is the black or stem rust’ 
of wheat as it is the stem that is most severely affected. The final effect 
is the weakening of plants, reduction of grains in size and number, and 
their shrivelling up, The teliospores, however, do not infect wheat plants 
again, They attack barberry plants which are their next hosts, Control 
(a) Cultivation of rust-resistant varieties. (b) Evolving rust-resistant Varietits 
hy cross-breeding. (с) Eradication of barberry bushes near a wheat field 
(d) Flimination of cultivation of wheat in the hills Qurihg summer. 


ў у 
PART 
374 A CLASS-BOOK OF BOTANY 


My 
d fina 
ercellular spaces of the young plants an the 


йозе, 
B. mustard, radish, cabbage, aud 
etc.) are caused by a downy mi Cystopus condidus. А appe”! 

i riable Shapes and size sadi t 
» Ches and even inflorescences, The 208 anc 
endophytic, and if the attack be heavy the affected parts turn Den The 
dry up, soft parts disintegrate, and the flowers become deter no 
disease, however, appears in а mild form in India, and, there parley? 
control measures are taken, (b) Powdery mildew of cereals (e.g. aminis: 
Several grasses is caused by Erysiphe Drs the 
€ disease is common but not serious. The fungus is ectophytic; 
mycelia and conidia form on 


се 
surfa! 
Browths on the upper ranté 
ha! 


s. ti 
and the leaves are shed ra any 
ed. Since much damage is not done 
crop no control measures are taken, fruits and 
lt may also be noted that many Moulds damage vegetables, fr! 
food, Particularly in stora, 
k. 


er 


) А ар 
ge; similarly they also damage fabrics, P' 


them, to destroy the 


check 
causative fungi and to keep them inder теті“ 
(1) Spraying or dusting the affected parts with certain poisonous 
cals called fungicides, е, 


Y ick 
- Copper sulphate, sulphur, крс with 
lime, etc., or a mixture of them, (2) Fumigation (exposure to ш A 
sulphur dioxide gas. (8) Seed treatment—cautious application of cufy. ) 
€ or certain Compounds of Copper, sulphur or mer 
Soil sterilization by burni 
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truction of disease-carrying insects. (8) Breeding of disease-resistant varie- 
ties of plants, (9) Rotation of crops—growing some other crop in place 
of the existing one for one or more years. 

Plant Diseases caused by Bacteria. See p. 342. 


Antibiotics, Antibiotics (anti, against; bios, life) are toxic chemical sub- 
stances, possibly enzymes, secreted by several soil bacteria, mostly species 
of Streptomyces, and certain ‘moulds, e.g. Penicillium and Aspergillus, 
which have a destructive effect on particular disease germs invading the 
human body and causing infectious diseases, often of a serious nature, 
e.g. pneumonia, typhoid, diphtheria, tuberculosis, cholera, erysipelas, etc. 
Antibiotics are the miracle drugs of modern times. They often act like 
magic bullets shooting down the germs which have invaded the human 
body. Within the last 80 years or so some 300 antibiotics have been dis- 
covered. Of these about 13 have an established therapeutic value. The 
first antibiotic was a ‘chance’ discovery. It is penicillin, discovered by 
the late Sir Alexander Fleming, a bacteriologist, in 1928 from a blue-green 
mould of the soil, called Penicillium notatum. It has a powerful antibac- 
terial action and is amazingly effective against a wide range of germ 
diseases like scarlet fever, rheumatic fever, sore throat, wound infections, 
erysipelas, abscesses, carbuncles, tonsilitis, tetanus, pneumonia, meningitis, 
etc, It came into general use from 1943-44 when mass production was 
well under way. Other antibiotics isolated from certain soil bacteria, 
particularly species of Streptomyces, came in fairly quick succession, Thus 
streptomycin was discovered by Waksman in 1944; it has proved to be 
very valuable agdinst tuberculosis. Vigorous search for more antibiotics 
went on at this time at an almost incredible cost, and several thousands 
of soil samples were examined in this connexion. Soon another antibiotic 
called chloromycetin was discovered in 1947; it has proved to be a magic 
drug in the treatment of typhoid fever. Within the following few years some 
more antibiotics, aureomycin, terramyein, etc., have been discovered 
and put on the market for the treatment of one kind of bacterial disease 
or another, These wonder drugs have saved millions of human lives from 
death or from untold miseries, and that too within the shortest time 

ible, It is really a miracle that such drugs lay hidden in a spoonful 
of good earth for the relief of human sufferings. 


CHAPTER 5 Lichens 


General Description. Lichens numbering over 15,000 species 
form a large peculiar and interesting group of plants, being 
associations of specific fungi and algae, the former constitut- 
ing the larger part of the lichen body. The associations 
of different fungi and algae give rise to distinct species of 
lichens. Commonly they occur as greyish-green or greenish- 
white incrustations of different dimensions on old walls 
rocks, stems and branches of shrubs and trees, logs of 
wood and on ground. They have a variety of forms and 
colours: white, greyish-green, yellow, orange, brown, red 
and black. Many of them grow under extreme conditions 
of humidity and temperature, and may survive long periods 
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805 ће 
of desiccation. They are very widely distributed Over ы 
earth, being specially common in tropical rain-forests a es 
as in cold, even very cold regions. In lichens the don (2 
с life, being of mutual help 


the algae lead a symbioti 


Lichens. rig, 46, 4, a foliose lichen (Parmelia); B, a fruticose 
lichen (Cladonia). 


. Depending on t 
€ been classified into 


thalli take three different patterns of gw 
era as follows. (а) crustose lichens гоа 
Tusts very tenaciously adhering to УЛУ ae 
i 1 Lecanora; (b) foliose lic ar- 
Н 8 flattened leaflike thalli with lobed m 
gin; they adh 

by delicate 


heir 
ining attached to the substratum by t 
narrow basal Porti 

erect, eg, reind 
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from branches of trees, e.g. old man's beard (Usnea; fig. 47A). 
The main framework of the thallus is made of an inter- 


Fic. 47. A, a fruticose lichen (Usnea); B, a section through the 
thallus of Usnea; C, a soredium, 


woven mass of hyphae of a fun- 
gus, commonly an ascomycete 
or in a few cases a basidiomy- 
cete, enclosing a certain uni- 
cellular or filamentous blve- 
green or green alga. The type 
of the fungus and that of the 
alga associated together in a 
lichen are always constant, In 
some lichens the algal bodies 
remain scattered in the thallus, 
while in others they-occur in 1 
or 2 layers. 

A settion through the thallus (fig. 
48) of iios are povi e loose 2 
mass Ol hae in he central regi H 
ubt" deli e еш ot sete E 
mass of hyphae in the peripheral cortex; B, gonidial la a a: 
region—the so-called cortex, and bet- f © ined ДЫР апа 
ween these two regions usually lies * wla; 
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i s algal 
the algal layer (commonly called the gonidial layer) with numerou: Se 
SU oni called the gonidia) held together in the аай, oE 
hyphae. In Usnea, a fruticose lichen, the thaHus (fig. 47B) 1s f loosely 
differentiated into a central compact core of hyphae, a region o! cC rel 
interwoven hyphae, an algal region, and externally another compa 


gion, 
5 i f 

Reproduction. Lichens reproduce themselves in a variety En 

Ways: (4) vegetative, (B) asexual and (C) sexual. But 


DR T 1 
must be noted that reproduction is predominantly funga 
in character, 


of 


Soredia (fig. 47C). The 
in large numbers on t 


any of them ha 


alga, it branches and 
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bined body (fungus +alga) grows up into a lichen thallus. 
Some workers have reported the formation of conidia in 
certain lichens. But this is disputed. Many lichens, eg. 
Physcia, produce small spore-like bodies in large numbers 
within a flask-shaped cavity, called pyenidium (fig. 49), the 
spores then being called pyenidiospores (or pycnospores). 
These spores are known to germinate in certain species, 


producing a hypha. Coming in contact with an appropriate 
alga the combined body grows and forms into a lichen 


thallus. It may be noted that in certain other species, 
peculiarly enough, the pycnidia behave as male organs, 
then called spermogonia, and the pycnidiospores behave as 
male cells, then called spermatia (see p. 380). Basidiolichens, 
a few in number, e.g. Cora (an American genus), reproduce 
by basidiospores, very much like Agaricus. 


. Fic. 50 
rmogonium) of Physcia in 
spermatia) formed in large 
numbers, віс, 50, A coiled ascogonium (49) embedded in the thal 

lus, with tube-like trichogyne (TR) protruding outwards. 


е Fic. 49 
Lichen, Fic. 49. A pycnidium 
longi-section showing pycnidiospo 


(or spe 
xes (or 


‚ (C) Sexual Reproduction. "This takes place in certain asco- 
lichens, the fungus alone taking part in the process. Sexual 
Teproduction results in the formation of a ‘fruiting body’, 
commonly a cup-shaped apothecium (fig. 51A) or in some 
Cases a flask-shaped perithecium, with numerous asci in it. 

X Organs are differentiated into male and female, and 
they develop in close proximity for facility of fertilization. 
The female organ is 2 multicellular stout filament of large 
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е consists 
cells and is known as the carpogonium (fig. eee with 
of a coiled basal portion, called the ascogonium, iue d the 
in the thallus, and a tube-like upper portion, Thé nds 
trichogyne, usually protruding beyond the thallus. RNC. 
organ is a flask-shaped chamber (fig. 49) known He male 
mogonium (cf pycnidium), and the minute non-m Ў руспі- 
cells formed within it known as the spermatia € 
diospores). Several spermogonia (or pycnidia) may be rc slen- 
in the thallus, and each is lined with a layer of sho: end 
der hyphae. Spermatia are formed from them by т d are 
tion like condia, T hey occur in large numbers, a 


г 1 ; mas 
liberated through the ostiole (apical opening) in slimy 
ses to float on the thallus, 


A 


B d 
sci an 
Lichen. rig, 51, 4, а Section through an apothecium; note the à 
the paraphyses; В, an ascus and a paraphysis. 


Fertilization, This takes 
in contact with 


Ways develop at their ends 
it (fig. 51B). A ‘fruiting b 5 -Jike 
thecium—simultaneously develops with an inner palisade ae 
layer of paraphyses. The asci grow upwards into the y 
ing body’ in a Palisade-lik 

physes, On liberation the ascospores germinate by pr type 
ing hyphae, and those coming in contact with the righe ait 
of alga further grow and Eventually produce lichen 
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Uses: Lichens growing on rocks disintegrate them to form soils, thus pre- 
mE the ground first for mosses and subsequently for higher plants. 
ens have a variety uses. Some of them are a valuable source of food 


for wild animals and cattle, e.g. reindeer moss (Cladonia; fig. 46B) in thc 
Dis tundra; plants grow to a height of about 30 ст. Iceland moss 
К etraria) in the northern regions is used as food and medicine, In some 
ountries lichens are fried for cattle feed and even human food to some 
eaten Some types’ are used as medicines, and some yicld beautiful dyes. 
Gains is prepared from certain lichens. Some species are used in cosme- 

, perfumes and soaps. Some are used in brewing liquor, and others 
containing tannins used in tanning hides into leather. 


CHAPTER 6 Bryophyta 


Classification of Bryophyta (23,725 sp-) 
Clas I Hepaticae or thalloid liverworts (8,450 sp.), €-E- Riccia, 
Marchantia, etc. 
Class 1I Anthocerotae ОГ horned liverworts (300 sp-), €-8- Antho- 
D ceros, 
Class IV Musci or mosses 
Barbula, etc. 


(14,975 sp-)» eg. Funaria, Polytrichum, 


l. КІССІА (135 sp.) 
кеча (fig. 52) is a rosette type of thalloid liverwort showing 
istinct dichotomous branching. The thallus is small and 
flat with a longitudinal groove on the upper surface along 
the mid-rib, and a number of slender unicellular hair-like 
structures called rhizoids, on the lower surface, serving as 
Toots. Some scales may also be present. The plant grows 
during the rainy season as а green carpet on wet ground, old 
damp walls, old tree trunks ‘and moist rocks, and dries up 


n winter. 

Vegetative Reproduction 

= may take place by the decay 
of the older portion of the 
SS Ze thallus and the separation 
N of the branches (fig. 52B). 
А у Gametophyte and Sexual 
FIG, 5». wit j em Reproduction. Riccia plaut 
аа ас е gametophyte, ic. it 
reproduces sexually by ga- 
Metes, "The two kinds of gametes—male and female—arc 
known as the antheridia and the 


Orne in special structures 
archegonia respectively (fig. 53). Some species are monoecious 
and others dioecious. In the monoecious species antheridia 
and archegonia develop together in the median groove on 
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D ng. 53A) і5 
the upper side of the thallus, Fach antheridium OF b. wall 
more or less pear-shaped and consists of a short sta "i Fach 
and a compact mass of antherozoid mother cells. 


je] 
Us 
55 

X: 

SN 


aanv g, 


S 


oc 
е 


в 
Кіссіа, тїс. 53, A, an antheri; 
archegonium; and 


c Meroe hich 
mother cell by a single division forms two cells, each of W. 
becomes converted i 


Gamete or antherozoid (бр. 53B). Each archegonium (fig. ask 
in the groove, It is a short-stalked, 


i 2 oung 
dium; B, an antherozoid; C, a у 
D, a mature archegonium, 


ed: 
n open passage is thus soi 
enter through it into the archegonit! 


Sporophyte and Asexual Reproduetion. The ооѕроте res 
h reproduces asexually by Spo Де 
spherical body called the ёар 
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(бе. bai? It consists of a spore-sac and a wall surrounding it, 
e latter made of a single layer. The capsule develops in 


ric. 55 ric. 56 


Fic. 54 
e) with spore tetrads within enlarged 


Riccia, vic, 54, Sporophyte (capsul 
archegonium, 

(Hs. 55. Spores; A, spores in a tetrad; B, a single spore. 

ric. 56. A-B, early stages in the germination of spore. 


E: V within the venter of the archego 
"E capsule the venter also grows 
Apes qa called the calyptra. 

loose mass of spore mother cells. 


& 55A). Eventually by the rupture of t 

Wall of the capsule the spores are set free. Each spore 
(fig. 55B) is provided with a thick coat. The spore germi- 
Dates at first into a short tube called the ger™ tube (fig. 56) 
which gradually develops into Riccia thallus. 

e plant passes through two 


successive generations—gametophyte (haploid or m) and 
its life-history. The 


regular alternation © 
showing alternation © 
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Riccia (gametophyte-n) > archegonium(n) +> ovum(n) x ооѕроге(2п) 
> antheridium(n)-> antherozoids(n) y 

T cell (2n)<-capsule (2n) sporophyte (2л) 


2. MARCHANTIA (65 sp.) 


spore (n) spore mothe 


3 :verwort 
Marchantia (fig. 57) is a rosette type of thalloid ШЕ» 
(much larger than Riccia) Showing conspicuous 


bears On its 
ds (hair-like 


of scales, 
number of cup-like o. 


t$) 
E] 


х soning as 100 
structures functioning 


0 
Place (a) by the 2987 a 
allus, thus separa 
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branch, or (b) by gemmae which develop in the gemma- 
cup (fig. 58). Each gemma is a small, more or less circular, 
flattened structure with a con- 
spicuous depression on each 
side. When the gemmae get 
detached from the gemma- 
cup, each grows out into a 
dichotomously branched green 


thallus. 

Marchantia. ric. 58. А, a gcima- 
Gametophyte and Sexual Re- cup with gemmae; B, a gemma. 
production. Marchantia plant 
is the gametophyte, i.e. it reproduces sexually “by gametes. 
The male plant bears antheridia (or male organs) on the 


Marchantia. 
FIG. 59. 
Section through the 
antheridiophore. 
A, antheridium; 
B, air-pore; 
C, ostiole; 
D, air-chamber; 
E, hairs; 
F, scales. 
Some antherozoids 
on the right. 


upper side of the receptacle of the antheridiophore (fig. 59); 
and the female plant bears archegonia (or female organs) 
on the lower side of the receptable of the archegoniophore 
(fig. 60). The antheridium (fig. 59A) is an ovoid body com- 
posed of a mass of antherozoid mother cells and surrounded 
by a wall. Each mother cell develops a spindle-shaped bi- 
Ciliate male gamete called the antherozoid or spermatozoid. 
The antherozoids escape through a narrow canal known as 
the ostiole (fig. 59C). Besides, the receptacle has a number 
of air-pores (fig. 59B) and air-chambers (fig. 59D). The 
archegonium (fig. 60 B-C) is a flask-shaped body consisting 
of a swollen basal portion, the venter and a narrow tubular 
Portion, the meck. The venter contains a large cell, the 
egg-cell, with a distinct large egg-nucleus in it. The neck 
Contains a few neck canal cells and a wall around it, 
Surrounding a group of archegonia a curtain-like outgrowth 


25 
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5 = E inged 
known as the involucre (or perichactiym; fig. 60A qu р. ар 
at the edges, is formed as а protective covering. Also, 


Marchantia, тїс. 60. А 
involucre; (bottom) up 
archcgoniophore showin 
pscudo-perianth (or pe 


» (lop) undersurface of the archcgoniophore; 
per surface of th 


g archegonia, ete, 
rigynium); V, vente 


[4 
ч ugh the | 
€ same; B, section thro’ 


Б 27 , t 
(see text); C, an атпоо | 
or; E, egg-cell; N, neck; W, 


FIG. 61 
Marchantia. ric, 61. 


h 
et OP”? of 
Sporogonium; A, tissue of the gam 
B, foot; С, capsule (wall); p, 
Pseudo-perianth, FIG, 62. 


A young 


В, 8 
Mature sporogonium; A, foot; В, 

Temnant of venter (calyptra); p, ii : 
F, wall o£ 


the capsule; G, Spore; 
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shaped outgrowth known as the pseudo-perianth (or peri- 
gynium; fig. 60B-C) is formed at the base of each arche- 
gonium, later surrounding it after fertilization, The recep- 
tacle further bears air-pores and air-chambers with chains 
o£ green cells in them. 

Fertilization. After the antheridium bursts, the ciliate 
antherozoids escape through the ostiole and swim to the 
archegonium through the medium of dew or rain-water. 
Many of them enter into the venter through the neck. But 
only one of them fuses with the egg-nucleus. Fertilization 
is thus effected. After fertilization the egg-cell or ovum 
develops а wall round itself and becomes the oospore. 


Sporophyte and Asexual Reproduction 
(figs. 61-2). The oospore germinates in 
silu and gives rise to the sporophyte 
which reproduces asexually by spores. 
‘The sporophyte is a complex body and is 
known as the sporogonium. It consists 
of a foot, a short stalk called seta, and 
a capsule, T'he capsule consists of a single- 
layered wall, and a mass of small cells. 
Some of these cells grow up into elon- 
gated; spindle-shaped, spirally thickened 
structures called elaters (figs. 62-3), while 
Others form spore mother cells. Each Marchantia, ric. 64. 
spore mother cell undergoes reduction EUN rus 
division and forms four spores in a tet- ПОРЕ, 
rad.. Other parts of the archegonium also’ nium; S, seta; C, cap- 
grow. Thus the wall of the venter grows sule; and S’, spores. 
and forms the calyptra which surrounds the capsule (fig 62C); 
the neck withers and disappears. The perigynium (figs. 61E 
and 62D) grows rapidly and ultimately surrounds the sporo- 
gonium, Finally the capsule dehisces rather irregularly, and 
the spores are discharged (fig. 64). Under humid conditions 
the elaters undergo a twisting movement and push the spores 
out of the capsule. The spores germinate immediately after 
they shed, and each gives rise to a short irregular filament 
consisting of a few cells. This filament by further cell divi- 
sions develops into a Marchantia thallus. One half of the 
Spores gives rise to male thalli, and another half to female 
thalli. 
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Alternation of Generations. Marchantia shows tWo tog ij 
generations in its life-history. The plant itself is the ga e 
tophyte (haploid or n) and the sporogonium is the PE 
phyte (diploid or 2n). The gametophyte reproduces sexu E. 
by gametes and gives rise to the sporophyte, and the spe ^ 
phyte reproduces.asexually by spores and gives rise tO d 
gametophyte. Thus the two generations regularly alter 
with each other. Life-cycle showing alternation of gene 
tions is given below. 

Marchantia (сў)-»сў receptacle (n) antheridium (n) -»antherozoids ("0 


Marchantia (Фуэ- © receptacle (n)->archegonium (n) -> ovum (n) X- 
(gametophytes-n) 


se 
spores (n)«- spore mother cells (2n) <- capsule (21) <-sporogonium 4- оозру 

3. MOSS ys 
Mosses (fig. 65) occur most commonly on old damp W^ 


trunks of trees, and on damp ground during the rainy 
seas 


(sporophyte-2n) en 


9n, while in winter they are seen to dry up. They ford 


FIG. 65 


M Fic. 66 ne. 67 "e 
oss. Fic. 65. Three moss plants, py t in |е 
т LIT . FIG. 66. Apex of a moss shoo Ay, 
showing antheridia (AN), paraphyses (P) an leaves (L). FIS- 6 того 
mature antheridium discharging antherozoid mother cells; B, an ant gi 
mother cell; C, wall of the mother cell dissolving; and D, 2 
antherozoid, f the 
Breen patches or soft velvet-like, green carpets. Some ои! 
common Indian mosses are species of Funaria, Poly!" 
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Barbula, etc. A moss plant is small, usually 2-3 cm. or so 
in height, and consists of a short axis with spirally arranged 
minute green leaves which are crowded towards the apex. 
'True roots are absent but the plant bears a number of 
slender multicellular branching threads called rhizoids 
which perform the functions of roots. The axis may be 
branched or unbranched. 


Gametophyte and Sexual Reproduction. Moss plant is the 
gametophyte, i.e. it bears gametes and reproduces by the 
sexual method. For this purpose highly differentiated male 
and female organs are developed, either together at the apex 
of the same shoot, or separately on two, often intermixed 


"with some multicellular hair-like structures called para- 


physes The male organ is known as the antheridium (figs. 
66-7) and the кслс onan as the archegonium (fig. 68A-B). 
The antheridium (figs. 66-7) is a multicellular, short-stalked, 
club-shaped body filled with numerous small cells, known 
as the antherozoid mother cells. The antheridium bursts at 
the apex and the, mother cells are liberated through it in a 
mass of mucilage (fig. 67). The mucilaginous walls of the 


SPOROPHYTE 


GAMETOPHYTE 


i i i hegonia 

of a moss shoot in section showing three archeg: 

мок. me 88. Я, арен. (P. and two leaves (1); B, an archegonium; C, a 
Pus plant showing the sporophyte growing on the gametophyte. 
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ids oF 
mother cells get dissolved in water and the ântherozoid ga 
male gametes are set free. They are very minre о, in 
spirally coiled and biciliate; after liberation EE РҮП 
water that collects at the apex of the moss plant afte ae 
The archegonium (fig. 68A-B) is a multicellular, flask-s ioe 
body. It consists of a short multicellular stalk, а ске 
swollen portion—the venter (belly), and an upper tu т от 
portion—the neck. The venter contains a large Mine. 
egg-cell with a distinct egg (egg-nucleus or female ga The 
in it and slightly higher up a small ventral canal ce l й 
neck is long and straight and contains many man «cof 
canal cells which together with the ventral canal cel 
degenerate into mucilage before fertilization. 


а > aaa ater 
Fertilization is effected through the medium of rain he 
or dew that collects on the moss plants. When the 2 


TIG. 69 


Mies o) Fic. 71 
Moss Capsule. eic, 69. A са 


su 
сар?, 
i sul . 10. А, а OF ing 
without .Calyptra; B, deta P jm 5 p. ES capsule show! 
dixo Er 9perculum; С, ‘peristome—closed (top view). 
This 
Tetes mucilage with cane-sugat: ~ ne 


th 
antherozoids which enter throug fuse? 
neck canal and pass Wn into the venter; one of the tio? 
With the ege-nucleus and the 
the zygote clothes i 
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Sporophyte and Asexual Reproduction. The oospore grows 
in situ and gives rise to the sporophyte on the moss plant 
(he. 68C). The sporophyte reproduces asexually by spores. 
С isa very complex structure known as the sporogonium. 
It consists of foot, seta (slender stalk) and capsule. (case con- 
taining spores)—figs. 69-71. ‘The sporogonium grows as a 
semi-parasite on the moss plant. Although it draws most of 
its food from the moss plant it can manufacture its own food 
to some extent. 


ee capsule is a complex body 
nae 72). It is covered by a sort o 
x ose (figs. 69-70) which is soon blown away by the wind. 
a oe dinal section through the capsule (fig. 72) shows the 

owing parts. (1) Opereulum is the circular cup-shaped lid 
оп the top. (2) Annulus is the ring-like layer of thickened 
cells at the base of the operculum. The capsule bursts at the 
annulus, and the operculum is thrown out, (3) Peristome 
is one or two rings of tooth-like projections at the rim of 


with differentiated parts 
f loose cap known as the 


OPERCULUM 
PERISTOME 


ANNULUS 


COLUMELLA 


SPORE-SAC 


TRABECULA 
AIR-CAVITY 
CAPSULE-WALI 
Fte: 72, 
Moss capsule 


in longitudinal 
section. 


STOMA 


APOPHYSIS 


7" SETA 
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; d 
the capsule (figs. 71-2). By their movements (opening E. 
closing) the teeth help ejecting the spores from the Um. 
sac. (4) Columella is the solid central соннап жеш d 
water and food. (5) Spore-sac is the hollow cylindrica i 
surrounding the columella and bearing numeroni ен o 
They are always formed in tetrads by reduction divisto 
spore mother cells. (6) Air-cavity 
is the hollow cylindrical cavity 
surrounding the spore-sac, with 
delicate strands of cells (trabe- 
culae) running across it. (7) Cap- 
sule wall with epidermis as ex- 
ternal layer. (8) Apophysis is ‘the 
solid basal portion of the capsule, Жо. ТЗ Protonerna (of moss 
having chloroplasts in many cells (note the buds and rhizoids)- 
and stomata in the epidermis. 


Own as the protonema (ig. 73) 
ome slender rhizoids, and a nU 


which grow up into new ™ 
plants. Thus the life-cycle of ae i consed: 


um, each n) in pairs to give 2 3 

i or 2n); while the sporogon 

is the Sporophyte and it RON UR Жена b) spores E 

regularly alternate "C OPhyte. Thus the two generati" 

Fide y 5 "е Паје with each other. Life-cycle of ™ 
ng alternation of generations is given below. 

Moss (gametophyte.n) -> archi 


a) 
cgohium (n) > oyum (n) x -> oosport e 


> antheridium (п) ^ antherozoid (я) 


jus 
Ore-sac-«- capsule 4- sporogo? 9) 
(т) (2) (ротор! © 


i 
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MOSS 


/ РАОТОМЕМА 
GERMINATING ARCHEGONIUM V 
f SPORE 


7 SPORES GAMETOPHYTIC GENERATION (п) 
ENERATION (2n) 


SPOROGONIUM 
CAPSULE ( SPOROPHYTE ) 


ric. 74. Life-cycle of moss showing alternation of generations. 


CHAPTER 7 Pteridophyta 


Classification of Pteridophyta (9,000 sp.) 


7; 


р‹егорѕійа or Filicinae or ferns.(7,800 sp.), eg. Dryopteri: 

Pteris, Nephrolepis, Marsilea, etc. езш рур, 

Class II Sphenopsida or Equisetinae or horsetails (25 sp.), e.g. horse- 
tail (Equisetum). 

Class III Lycopsida or Lycopodinae (968 sp.), e.g. club-moss (Lyco- 

podium) and Selaginella. (00 


Clas I 


FERN 


Ferns (fig. 75) are a big group of highly advanced 

gams and are widely distributed all over the earth ps 
grow abundantly in cool, shady, moist places, both in* de 
hills and in the plains. The stem is mostly a rhizome ux 
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sometimes it is erect and aerial, as in tree ferns. Roots Е 
adventitious (fibrous) growing profusely from the E. 
Leaves are usually pinnately compound and circinate (9 сй 
from the apex downwards) when young (fig. 75B), the j e d 
lets being known as thc pinnae (sing. pinna). The stem an 


Lo y 5 e es 
the petiole are covered with numerous brownish scal 
known as the ramenta. 


and (c) xylem. Ренсуа 
а double lay IEEE аштод 
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surround: 

tubes E he pena xylem, bundle being concentric, and consists of sieve 

phloem, ДҮ оет parenchyma. Xylem lies in the centre surrounded by 

ends, and Eee EU n. groups of protoxylem at the 0 
1 e middle, Protoxyl i 1 a 

and metaxylem of scalariform tracheids. yen mage otep icr acsi 


EPIDERMIS 
HYPODERMIS 
(SCLERENCHYMA) 


GROUND TISSUE 


ENDODERMIS 
PFRICYCLE, 


PHLOEM 
METAXYLEM 
PROTOXYLEM 


etiole in transection, 


Reproduction. The fern’ plant 
i.e. it bears spores and reproduces 
rface of the leaf or 


ric. 76. Fern р 


Sporophyte and Asexual 
(fig. 75) is the sporophyte, 
by the asexual method. On the undersu 

thé sporophyll (as the spore-bearing leaf is called) a number 
of dark brown structures, pale green: when young, may be 
seen; these are called sori (sing. sorus). They develop on 
the veins, and in Dryopterts (fig. 75B) they are arran 

in two rows in each leaflet or pinna of the leaf. Each sorus 
(fig. 77) is a group of sporangia covered over by a kidney- 
Shaped shield called the indusium. ‘The sporangia and the 
indusium develop from a papilla-like outgrowth called the 
Placenta. [In Pteris (fig. 75А), however, the sori are margi- 
nal, linear and continuous, covered over by the reffexed 
патен of the pinna; this type of indusium is called false 
ndusium]. Each sporangium (fig. 78) consists of a long slen- 
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1 
der multicellular stalk and а biconvex capsule. The р 
is filled with a mass of spores. They are always forme 


SPORANGIA 


INDUSIUM 


Fern vic. 77, A Sorus in section, 


» and then suddenly it 


Fern, ric. 78, 
@ Sporangium 
A (capsule and stalk); 


ER s at the stomium; 

уа B, the same after 
bursting, with the 
annulus bending back. 
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the prothallus bears on its undersurface groups of highly dif- 
ferentiated reproductive organs ca 
archegonia (female); it also bears many slende 
hair-like structures called rhizoids which function as roots. 
The antheridium (fig. 80) is 
many antherozoid mother ce 


lled antheridia (male) and 
r unicellular 


a spherical or oval body with 
lls in it. Each mother cell pro- 


RHIZOID 


Fic. 79. Prothallus (gametophyte) of fern, 
duces a single twisted and multiciliate antherozoid (male 
x m (fig. 81) is a flask-shaped body. 


gamete), The archegoniu 


one with antherozoid mother cells; 
ping; C, a multiciliate 


a young Ол. 
2 antherozoids esca] 


antherozoid, 


Fern. ric, 80. Antheridiam. 4, 
„ a mature one after bursting, 
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The swollen basal portion of it is known as the venter, and 
the slender tube-like upper portion as the neck. The neck 
is short and curved in fern, and consists of a narrow neck 
canal cell with usually two nuclei in it, and a wall made 


Fern. Fic, 81. 
Archegonia. 
A, a young one; N, 
neck (wall and néck 
canal cell with two 
nuclei); VC, ventral 
canal cell; V, vente 
with an egg-cell 
and an egg-nucleus; 
B, a mature one ready 
for fertilization. 


of four vertical Ti 
ow. 
partly at least, in the A: E ce 


egg-cell with a distinc rothallus, and encloses a single largë 

А t egg-nucleus or female gamete in it 
canal cell a P a small ventral canal cell. The neck 
ich forces open the pe cell disintegrate into mucilagé 
zation. id of the archegonium before fertili- 


with the egg- 
is thus ea 


тїс. 82, Prothallus of fe” 
with young sporoph)" j 
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embryo which soon develops into a young sporophyte (fig. 
82). The prothallus decays and the young sporophyte grows 
into a fern plant. 


Alternation of Generations (fig. 83). The fern plant passes 
through two stages or generations to complete its life-history. 
The plant itself is the sporophyte (diploid or 2n), and the 
Prothallus the gametophyte (haploid or n). The sporophyte 
on the fern plant reproduces asexually by spores and gives 
rise to the gametophyte, i.e. the prothallus. The prothallus 


ARCHEGONIUM 


(GAMETOPHYTE) 
ANTHERIDIUM A 
SPORE-TETRAD ANTHEROZOID EN 
GAMETOPHYTIC GENERATION (п) 
SPOROPHYTIC GENERATION (29) 
99 SPORE MOTHER CELL 


e j YOUNG 
С FERN 

A; ` sponOPHYrE) SPOROPHYTE 

n showing alternation of generations. 
Teproduces sexually by fusion of gametes (antherozoid and 
Ovum) in pairs and gives rise to the sporophyte, i.e. the fern 


Fic. 88. Life-cycle of fer 
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t with 
plant. Thus the two generations regularly alternate 


i ion of gene 
each other. Life-cycle of fern showing alternation 
rations is given below. 


Jl 
е other Ce 
Fern > sporophyll (2л) + sorus > sporangium——» spore Qn) 
(sporophyte-2n) (2n) (2n) "E M 
i thallus 4- 
ane oospore4- x ovum (n) Se yenesoniam (n) < pro one 
(2n) (2n) antherozoid (n) 4- antheridium (n)” (gam 


COMPARATIVE STUDY OF MOSS AND FERN sometimes 
Habit and Habitat. Moss plants are small, usually 2-3 cm., 
much more in height, growi: 


rming 2 
ng in clusters from protonemal ШШ К plant 
green i 115; whi j 
ft cushion on damp ground or damp old walls; MED 
are ЖОЕ bigger in size, usually 25.40 cm., growing close toge " 
shady moist places. 1 
Structure, The structure of 


ing o! 
istin| 
the moss plant is simple consisti E zoids 
short axis with spi i 


are 
тез 
evident. In both the by 


Cases th 5рого] spo 

es rise to th е phyte reproduces asexually by 
ns PLI © gametophyte and th 
Gametes (antherozoid and egg: 


2. EQUISETUM (25 sp.) ieee onl 
Equisetum (ig. 84), commonly, called оње ET 
genus of the family Equisetaceae. It is widely dis Jaces: 
over the earth, being specially abundant in marshy P ped 
Species of Equisetum are mos ch 


u 
У exceeding a metre in height. 505, 
a common Indian ies i of 
Assam and Meghalaya, however, grows to a length erica? 
metres through es. E. giganteum, a South AM! 
species, 


ett es 
; uring trees‘ to a height of ee d 
Equisetum plants Consist of a long creeping unde prance” 
thizome and two kinds of erect aerial shoots—much 
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ed a м 
Like Жы чамане (simple), arising from the rhizome. 
КЕСУ aves, the branches also appear in whorls. The 
aise provided with nodes 
es isl ernodes and a whorl of 
aie leaves at each node, 
veni ears several slender ad- 
aber roots and often some Y 
for TRE bodies which serve М 
а storage and vegetative 
TON uction. The branched 
colony (fig. 84A) are green in 
ing sind usually sterile, be- 
whil nly vegetative in function, 
(fig ul the unbranched shoot 
tile р B) is поп-ртесп and fer- 
tion TE reproductive in func- 
d xd he fertile shoot ends in 
die. and it dries up soon 
All poe production of spores. 
ril e shoots, fertile and ste- 
le, are distinctly ribbed with 


ne furrows, and jointed 
node istinct nodes and inter- 
to s Their surface 15 harsh ГЕ 
o£ mu because of the presence f} | 
ica in their epiderma mo 
ис. 84. 4, vegetative 


la $ c 
DU Besides there 15 à whorl Equisctum. 

Scale-ike leaves at each shoot with whorls of branches; 
node, partly enclasping the 2, °? fertile shoot with a spike. 
st - 

em. 'T'he leaves are free and . 
me at their tips but united below forming а sheath. 
i ateral branches grow piercing the sheath, always alternat- 
ng with the leaves. The latter being much reduced in size, 
Photosynthesis is carried on by the green shoots. 
g ag), It has distinct dodes and inter- 


fi 
Siem K d [urrows. The internal structtire is as 


In 
ternal Structure of 
1 ridges ап 


hi 2 
Odes, with longitudina 


follows: 
(1) Epi i 1 of cell 
idermis— le outer layer Е j 
their ontee valli ie nr in outline and has stomata in (Wo rows in 
; this develops, specially in the ridges, be- 


the f 

'urrow. a— 3 
OW the epi о заната in the furrows by the underlying Cortex, 
3) Cortex—it is mam ;-Jaycred. nd in the middle of it large air-canals, 
х y are formed, Outer layers of the cortex 


сац 
h corresponding to 4 furrow 


26 


a: s with а deposit of silica in 


у 
PART 
402 A CLASS-BOOK OF BOTANY 


contain chloroplasts; 
by the cortex of the 


outer side laterall 
ing to the pith. 


fied). 4, epiderma, СЫ? ЕЛА in transecti 


a hypodermis 


the stomata); D, air-c 


ni 
tion mag} 

on, B, a sector of the ges with 
(sclerenchyma); C, outer со д0 


єп 
avities; E, general cortex; ae and 
"ndles (see text; note the P 

€ pith Cavity) 
“cycle of £ 


ic апа gam 
Sporophyte and this 


TE ed by another structure, < 
Prothallus, which is metophyte (fg. 87A). 
У o 
Sporophyte, m plant (fig. 84) is the us 
Phyte, ie. 1t reproduces asexually by spores whic 
borne by specialized leaves 


in tW 
: ‹ A 
quisetum is complete ! 


: ist 
Stophytic, The plant itself i$ 
is followed ed 


ro 
тё 


called sporophylls. E. 
Sporophylls, Sporangia and Spores. The sporophylls of 
very much Specialized jn structure and take the for 
omewhat flattened, he 
Ported on 


su 
' wa Sonal or circular discs, PT. i 
a short Stalk are aggregated togeth 
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whorls at the apex of each fertile shoot in the form of a 
cone, called the sporangiferous spike or strobilus (figs 84B 
& 86A). The lowest 

whorl is sterile and г 

forms a ring at the 
base of the spike. In 
Equisetum, as in all 
higher plants, the re- 
Productive region is 
quite distinct from 
the vegetative region. 
Each sporophyll (fig. 
86B) has the form ot 
à stalked peltate disc. 
It bears on the under- 
Surface a whorl of spo- 
rangia (5-10) which 
Contain numerous 
Small spores. Like 
the fern plant, Equi- 
setum is also 'homo- 
Sporous, bearing only 
One kind of spores. 
Each spore contains 
Numerous minute 
Chloroplasts and a 
arge central nucleus. 


In айай DEA 86. A, a spike in longi-sec- 
ddition to intine Ege nowing sporophylls, sporangia and 


Equisetum. FIG. 

and exine, the spore spores; B, a sporophyll with a whorl of spo- 

is. provided with a rangia; C, the Sr d Sr vie, 
. i ters coiled; Л 

vx layer, aie spore With Cyl elaters uncoiled., 
erinium, which, ; 

When. mature, ruptures into two spirally-wound bands, called 

elaters (fig. 86D-E), attached 10 the spores at their centre; 

the elaters appear as four distinct appe a 8 ed id 

extre ici wien theyait(isecry cacy un 

mely hygroscop e. and when the air is 


and stand out stiffly from the SPOT ; 
d us que Jpirally round it. Functions of Elaters. 


The elaters d and help the dehiscence of the sporan- 
Blum. The HS become entangled by the glue land шге 
Carried away in clusters by air-currents; this helps the germi- 
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К, 
па ро ose (оре ility of fertilizatic 
together for facility | ni. 
MEE acies spores produce dioecious prot 
par ha 


hyte 
Gameto is the gametop , 
thallus (fig. 87A) is P 
i “i ao ыт (antherozoid) and female (ovu 
ie.i 


{| 

|| 

]/ LAM | 

(top d 

Шү И 
DU ДА 


ун 
VANE ү 
Gan 


ARCHEGONIUM 
; anthero 
Equisetum, sig, 87]. 4, prothallus (monoccious; B, an 
zoid; C, a mature archegonium, 


and reproduces by thi 
only for a few days. U 


i 
й n 
small in size, dull brownish-gtee” ү 
colour and much-bra 


i in mo" 
Dched (lobed). The prothatli ja юн 
species are usually 3.6 mm, in diameter; in E. de 118 


ever, they grow 


u 
cul 
Crowded together in the field or ae the 
they are dioecious, the smaller ones being male pe? 
igger ones female. [t ha 


з been seen that the latter 
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dj AVI age. This imperfect dioecism may be due 
ever, PRAES e conditions of growth. In E. arvense, how- 
the tenant If of the spores give rise to male prothalli and 
takes place ing half to female prothalli. If no fertilization 
usually is Y latter may produce antheridia. Prothalli 
years. Th e long. sometimes exceeding a period of two 
ántheridi e prothallus is the gametophyte since it, bears 
Sans bé la or archegoriia or normally both. The sexual or- 
of its gin to appear in the game within 30-40 days 
dia den m archegonia first. and antheridia later. Antheri- 
cries iy at the apex of a branch (lobe) of the prothallus 
spheri e margin of it. Each antheridium is more or less 

cal in shape and us antherozoid 


mothe contains numero 
r-cells (usually 256). In each mother-cell one anthero- 
lly coiled 


oduced. It is a large spira 
а t g. 87B). Archegonia (fig. 87C) al- 
ue levelop in the axial region of the prothallus and in 
Dee of a branch of it. Each archegonium is flask-shaped 
2 E swollen vent ck, and contains an 

um (female gamete), 2 ] cell and a neck 


canal cell. 
EQUISETUM 
(SPOROPHYTE) T, 
y: STROBILUS 
QOSPORE SPOROPHYLL 
e. (diplo; i 
(is 1а ор SPORANGIUM 
loi = 29 | 
ANTHEROZOID ог» 7S SPORE MOTHER 
ovuM wu CELL 
II fn. 
AN [ 
THERIDIUP - eG oNIUM SPORE 
PROTHALLUS 
(GAMETOPHYTE) 
iagrammatic) showing alternation of 


Fic. 88, Life-cycle of Equiselum (diagr 
generations. ins us generation (diploid or 2n); and H, gametophytic 
А gencration (haploid or n). 
Fertilization. The method of fertilization is the same as that 
of ferns, After fertilization the oospore gives 115 to an 
into à branching rhizome. This then 


€mbryo which develops into 
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titious 
of adven 

i ts and a number 

erect aerial shoo 

produces | 

roots. 


ows. 
(fig. 88). Equisetum plant shai 
alternation of generation: чш 
e, and the pu: а та 
gametophyte. As in fern, 


Selaginella, тїс, 89. A borti 
number. of 


On of a 
Spik: 


a 
leaves 
Plant showing four rows of 
€s and three rhizophores 


SELA GINELL 4 (700 5 
Selaginellg (fig 
in the plains, І 
9n the wall or 


5 р) 


" 


rs 
rows of small leaves on the uppe 
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structure, vien of large leaves at the two sides. A scaly 
As OF касд] ligule, develops on the upper (ventral) sur- 
organ is give leaf above its base. A long slender rootlike 
this is АЕТ off from the stem at the point of bifurcation; 
species the ae as the rhizophore (root-bearer). In some 
Tias асов izophore bears small fibrous roots at the tip. 
it resembles t-cap and grows exogenously like the stem; but 
таоца а true root in its internal structure and is bear- 

es. It is thus regarded as an intermediate struc- 


ture b, 
etween the stem and the root. 


PHLOEM 


PROTOXYLÉ£! M 
METAXYLEM 


ction 


la stem in transe 
Epidermis—3 single layer 


Fic. 90. Selaginel 
Int, 
ernal Structure of the Stem (fg- 
`a few layers of sclerenchyma occur 


With a cutic 
le. 

EUN the sachs ж е—4 continuous | -walled, 
айт опа! cells. (4) 5гєЇез—15Ч® le is surrounded by an 
ins D4ce which is ed a$ a erui 

Cate layers of the cortex, and remains suspen! 
strands of cells, called trabeculae (sing- trabecula). The stele, when 
single-lay' red endodermis; later on, the cells of 
dir, elongate considerably in the radial 
ection, These long radiating cells formed as 4 result of stretching of 
e endodermal cells are the trabeculae; in the mature stele they act as 
sine across the air-space- Each stele which is concentric in nature con- 
З of (a) pericycle, (b) phloem, and (c) xylem. Internal to the air-space 
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d e 
there is a layer, sometimes two, of rather large but thin-walled celi 
pericycle. Phloem surrounds the central spindle-shaped xylem. Pr 
xylem lies at the two ends and metaxylem in the middle. 


Sporophyte and Asexual Re 
production. Selaginella plant 
is the sporophyte. It bears nd 
kinds of spores—microspore 
and megaspores—and rept” 
duces asexually by them. I po 
are separately borne by micro 
sporangium and  microspor? 
phyll,, and megasporangiUr 
and — megasporophyll. PE 
kinds of sporophylls may оссин 
together in the same сопе, on 
they may be borne in pi 
Separate cones either on A 
same plant (monoecious) ОГ © 
two separate plants (dioecious”” 
All the sporophylls are nearly 
of equal size and spira s 
arranged, usually in four row” 
forming a 4-angled cone, calle 
s Sporangiferous spike 4 the 
[n apa NE з and 91) at the apex 0 
longiseetion, vy RUE reproductive shoot. The spon 
spore, Easporangium and mega. phylls are similar to the VEE 
L, ligule, "85: are smaller in size. Each mA 
si 7 . Perophyll bears in its ах 
Or ES И, only one of them divides, while others get 
Sanized Дс undergoes reduction division and forms n 
tetrad of spores (fig. 92A). Thus the megasporangium e. 
tains four large m considerable amount of f? e 
material, chiefly oil, iş stored up in the megaspore. , 2 
microsporophyll similarly bears in its axil a тїїсгозрогал T 
with usually 16 microspore mother cells. All of them unde 
a mm division and give rise to 64 small microsP^", 
NEM A) in groups of four (tetrads). Selaginella is : jk 
Seporous; Тһе SPorangia consist of a short stout 5 
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hick wall. The megasporangia 


ani : 
d a capsule with a distinct t 
microsporangia. 


are somewhat larger than the 
G 

Cametophytes and Sexual Reproduction. The two prothalli 
iuis and female) are the gametophytes, i.e. they bear male 
егез ог antherozoids and) female gamete 0r rr 


reproduce sexually by them. 
Deus and Female Gametophyte (fg: 92C-D). The 
Peepar are divides repeatedly by the process of free 
Thi formation, and gives rise to 2 mass of tissue within it. 
T is is the female prothallus, ie. the female gametophyte. 
he megaspore begins to grow before it is set free from the 
megasporangium, but t of the female gameto- 
Е is completed after the spore has fallen to the ground. 
t an early stage of gametophyte i ity appears 
food, chiefly oil. 


T one end of it and is filled with reserve food, 
his cavity subsequently becomes filled with cells. Further 


development of the gametophyte exerts pressure on the spore- 


etrad; В, а egaspore in section; 
ly protruding 


c 
Selaginella res in a t megas] 
. FIG. 92. 4, megaspo i 
› germinating megaspore "ith the female prothallus par ТҮП 
T D, the same in section; a, 170108; 2; oospore 
о; © prothallus tissue; and 


through the tri ; 
ri-radiate fissure; b 
after first division; © PF а i май, 
s by a tri-radiate fissure, and the gameto- 
The gametophyte is 


Bes which rupture HF |y expos 
t A А 

pie Pen a +. js not ап independent struc- 

ture like that ОЁ fem% eing by the spore-coat and 

nourished by the tored in the spore. It is also a much 

reduced Ue bk тё compared to that of fern. A number of 


ART V. 
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а» lop in the 
arch ia and some groups of rhizoids develop. 
ЖООК portion of the prothallus, while food is stored 


H : i m 
up in the inner non-green portion of it, Each achego js 
is also reduced in size, consisting of a short neck wi 
neck canal-cell, and a 


venter with an egg-cell and a ventral 
canal-cell. 


Microspore and Male Gametophyte (fig. 93C-D). The 
microspore germinates and 


ies oe s, 
gives rise to the male рган 
It begins to divide after it is 


Fertilization, After fertili 
Same as in fern 


пя » the egg.ce]] becomes the оовроге; the latter 
divides and forms the embryo 
the Selaginell 


which gradually develops into 
a plant. Thus 


Alternation- of Generation, (fig. 94). The life-history а 
Selaginella shows that the 

tions which re 

itself is the 8 


07 
i Pha Phy (diploid or 25) and the two PF 
thalli_male and femal 3 : 


: 2 2 е 
zation, which is ‘essentially th 


ay >TERIDOPHYTA 411 
dit aps sporop_.yte reproduces asexually by two kinds of 
male pro сторо and megaspore—which give rise to the 

thallus and the female prothallus respectively. The 


SELAGINELLA 
( SPOROPHYTE ) ^7 
ol ak SPIKE 
ооз 
това MEGASPOROPHYLL 
`2 MICROSPOROPHYLE 
Bord I MEGASPORANGIUM 
TM ELS 4 MICROSPORANGIUM 
ANTHE| Кюз, MEG. 
Rozo --... MOTHER CELL 
\ JI сд MICROSPORE 
ARCHEGONTUM 54... MOTHER CELL 
MEGASPORE Sy 


MN. FEMALE “2 CROSPORE 
M PROTHALLUS e 


“SS MALE PROTHALLUS 
YTES ) 
showing alternation of 


ella diagrammatic) 
а Я (diploid or 2n), and II, gameto- 
id or п). 


Fig, А 
94. Life-cycle of Selagin' 
eration (haploi 


Ben h 
erations, Г, sporophytic EC 
phytic gen 


ane prothallus bears antherozoids in the antheridium, and 
and female prothallus bears the ovum in the archegonium, 
fhe the two prothalli (gametophytes) reproduce sexually by 
th se two gametes, giving rise in. Thus 

€ two generations regularly 
Мааз (60 5р). | 

rsilea (fig. 95) isa slender prostrate herb, growing 
i огей to the mud-bottom at the k or a ditch, 
Me is very widely distributed throughout the world. 
Marsilea quadrifolia anc 2 minuta ате (WO common species 
in India, The plant consists: 0 a slender prostfate 
dichotomously branched rhizome with distinct nodes and 
qaternodes commonly rooting at the nodes and giving off 
eaves alternately in tW? rows along the upper side. Leaves, 
When young, show :rcinate vernation and a mature leaf 
Consists of a long Or Short petiole an bovate leaflets 
arranged in a peltate ner. Each leaflet (pinna) shows 
dichotomous venation connected by smaller vetns. Growth 
Of the stem is due to ай apical tetrahedral meristematic cell. 


v 
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Sporophyte. Marsilea plant is the sporophyte bearing Ee 
kinds of spores, i.e. it is heterosporous. Special vulpu E 
called sporocarps, are seen to grow, in small groups of | at 
sometimes singly from the base of the petiole or a ш 
above it as a segment of it (interpreted as modified E 
leatsegment or entire leaf). Sporocarps develop only whe! б 
the water recedes and the soil tends to dry up, and each ! 
provided with a long or-short stalk and has a very h2 

outer covering, when mature. In structure it is more ог less 


OB а 


ЕЁ LI 

: d» (e 

| || L9 © 
Md js Ем \ = 
m A ASS 


layer known i 0! 
as the indusium T ч ех 
n ea 
the receptacle are he sporangia at the ap 


opment both kinds of spora 
ionis or 16 sporocytes or spore mother cells which 00 P 
n division produce 39 or 64 spores. But in the 
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all the microspores are functional, 
ile in the case of mega- 


larger in-size and is 
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of microrporangium 
Rd very minute in size; whi 
ngium only one megasporc grows 


En others degenerate. 
AER the development of the sporangia а stony layer is 
on the outer surtace of the sporocarp- The resisting 
d the longevity of the spores are 


ere of the sporocarp an 

emarkable; spores have been seen to germinate even after 

ee years of desiccation. Jf the sporocarp be cracked at 

e edge and kept in W fan hour or 5o it is seen 

that the gelatinized inner wall of the sporocarp pushes Qut 
latinous ring (sorophore) 


of it i 
f it in the form of a long ge ў 
an alternating manner 


with the sori attached to it in 
(fig. 96C). In nature, however, the ѕрогосагр takes at least 
ecay of its stony layer. Thereafter the 
ion of the indusium and 


2 or 3 years for the d 
spores are liberat 


май нс. 96. 4, Ope each 

showing youn sori іп Үү а i í 

озы 0, е т ngia (lateral) nd indusium (0 
ri A 


C, part of the gelatinous 
the sp?’ 
If the gelatinous ring 


jnto mucilage: 
the male and female 


the sporangium walls 
be ES develo ment 0 
n d RS m Е the following day or the day 


after. 
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Р М : e 
Gametophytes. The spores germinate very ашеи m 
microspore giving rise to the male gametophyte, О bas 
megaspore to the female gametophyte. Within 12-2 MT 
the development of the male gametophyte is comp 5 
while the female gametophyte is slightly slower in deve 
ment. , dem 
'The male gametophyte (fig. 97B-F) is endosporous ei 
loping within the microspore (A), as in Selaginella. A E. 
cut off on one side is the prothallus cell (B), while Ur a 
maining cell of the gametophyte divides into two ha T 
each half is an antheridium (C). After further divisions t К 
primary spermatogenous cells are formed surrounded by, 


d 
jacket layer (D-E). Each cell then produces 16 antheroze! 
mother cells (F). 


Г into 
Each mother cell is metamorphosed p 
an antherozoid (G). This is much coiled, corkscrew-like oa 
multiciliate, with a mucilagious vesicle containing SO 
food. 7 


Marsilea. ric. 97 
antherozoid, Red 
Haupt by permission of McG 


. A-F, development of the male gametophyte; G, 
rawn after Fi 


an 
'&- 252 in Plant Morphology by A 
Taw-Hill Book Company, Copyright `1 
«che 
The female gametophyte (fig, 98B) consists of ап arch 
Bonium protruding out of the Tegaspore-coat at its ap 
While the rest of the gametophyte without any сеш 
differentiation is a food reservoir. The archegonium © 
sists of (a) а venter with a comparatively large egg-ce р) 2 
an egg-nucleus in it and a small ventral canal cell, ( ) 
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s 1 

Т with a neck tanal cell, and (c) a sterile jacket 
brow s. Surrounding the female gametophyte there is a 
39 gelatinous envelope, which has a funnel-shaped por- 
converging to the archegonium. 
Fertilization. Fertilization takes place almost immediately 
ms di the gametophytes are formed. Innumerable anthero- 
me swarm around the archegonium, many of them swim 
s © the gelatinous envelope on the archegonium side, and 
me of them pass down the neck, Finally, however, one 

antherozoid fuses with the egg-nucleus. 
Sire: After fertilization the embryo is rapidly formed. 
The oospore divides and re-divides and the cells are arranged 
d outer, on 


in four segments. The two segments, inner an 
One side give rise to t he first leaf (cotyledon), 


he stem and t ( 
While the remaining two segments, inner and outer, on the 
Other side give rise to the foot and the root. The adjoining 
Cells of the gametophyte form like structure or ealyp- 
tra around the developing €m The embryo grows 


rapidly by bursting the calyptr^- 


a ap- 
bryo. 


Marsilea, ric, 98. А, ® megaspore in longi-secti T h eger 

and several starch grains; B, Loa eerie Le -cell with the 

шй Posee ex pe SPI. neck canal cell and the sterile jacket. 
z eus, ve! 


PART VI GYMNOSPERMS 


DI аас ч "УММ Ие SE ы ЖМ а-ы ын 1: 2 тиде 
_ [Gymnosperms (gymnos, naked; sperma, seed) are naked-seeded plants 
ie. those in which the seeds are not enclosed within the fruit but are 
directly borne by the open carpel (i.e. not closed to form the ovary, 25 5 
angiosperms). They form an intermediate group between the стуріоваш» 
and the angiosperms, being related to the higher forms of cryptogams a 
the one hand and to the lower angiosperms on the other. Gymnosper™s 
unlike angiosperms, are an ancient group of plants, They have been 
classified into 7 orders, of which 3 have become extinct, and the remain- 
ing 4 have living representatives, numbering about 700 species, The tW? 


common orders with living representativ ч ог cycads) 
with 1 family, i.e. буйрса, 9 dese EH (0, genr ed is the 
typical genus; and (2) Coniferales (or conifers) with 6 families, 41 gene 
and over 500 species; Abietaceae (= Pinaceae) is the largest family of this 
order with 9 genera and 930 species; Pinus is the typical genus.] 


CHAPTER 1 Cycas (20 sp) 


few species, , p. 


Assam, an the 
beddomei in 

forests of East? 
Peninsula. Cy 
Morphology: j) 
ead (Cycas; fig е 
is a lower вуй ts 


Fic, 1, A female plant of 
y Cy ircinali 9 Г Bo 
with carpels (inegasporopliyiisy. sperm. It CO ped 


nc 
ere i Pane in d 
ct stout and palm-like stem with a сі a 


pinnate leaves arran s "Phere 
Е Bed spirally x A EE y ids 
a long primary (tap) a eee 


cY 


e are dioecious, i.e. 
(fig d by two separate plant 
En ) borne at the apex of 
CEN of a collection’ of 
КЕТ, ог microsporo- 
cmm which are arranged 
er y round the axis. Each 
iamen (fg. 3C) is in the 
ЧЕ ОЁ a scale, narrowe 
It pak and broadened above. 
Dh ears on its undersurface 
7 eral pollen-sacs ог micro- 
Rings grouped in sori. 
cnp are usually 2 to 6 pol- 
Caci in each sorus. In 
x pollen-sac there are 
Ерети pollen grains or 
овоа. Before the po^ 
grain sheds from the 
pollen-sac its nucleus divides 
ie producing an extreme 
y reduced male prothallus 
Бы (fig. 5A) оп one side and 
d large antheridial cell on 
the other side. The big 
gds again an 
побрел: change! 
mac are, however, 
ollen E prothallus cell 


Brain —!_, antheridial © 
In Cycas there is 2° 
t 


s take P 
i m 


] 
ul> 


proper 
of са 


d produces 4 
P lac 
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male and female flowers are 
s. The male flower is a cone 
the stem. The male cone con- 


CAS 


tive cell and a tube cell. 
ollination. All the 
own below. 


spermatozoids 
(two) 


female flower; 
ав] 


ms its apex a TO 
& 3A-B) which do not £o ally 15- 
din with the leaves. T iis ften dilated above. 
att ike , Э К 
п id or Bene rc covered all over wa PT 
и: The margin of the carpe таў are open bearing 
= rA f arpe 5 " е 
Dectinate (pinnate y dei etimes more, on mes two 
ШУ 2-3 рацэ Зр ow consider ly, even before ferti- 
rgins. The En oval and fairly large: 


lizar 
Wation, and are 


27 
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The ovule in longitudinal section (fig. 4A) shows: one 
thick integument consisting of three layers, (b) a micropy © 
(c) a pollen chamber, (d) a nucellus fused with the integu 


B 


c M dn) 
спай 
иб. 3. A, а carpel of Cycas сітст 
cas rcvoluta; C, a stamen of Cycas pectinata м! 
numerous pollen-sacs. 


ment, (c) a female prothallus 
which grows quickly after fert 
part of the seed, (f) à few 


MICROPYLE —— —À 


Cycas. Carpels and Stamen, 
B, a carpel of Cy 


(often called the endosperm) 
ilization and forms the ne 
archegonia (2-8) borne by 


POLLEN CHAMBER 


ARCHEGONIAL 
CHAMBER 


ARCHEGONIUM 

FEMALE 
FROTHALLUS 

NUCELLUS 
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a. 

e prothallus towards the micropyle, and (д) an arche- 
nium (fig. 4B) is extremely 


e 
gonial chamber. Each archego 
a swollen venter and a very 


г т 
educed in size and consists of 
k cells. The venter is filled 
nucleus in it, 
cell (nucleus) 
disorganized. 
are carri 


sh 

pan imd with two small nec 
arge egg-cell enclosing а distinct egg" 

highe ] ventra 
at ejm: The latter, however, Д 
by СОҢ and Fertilization Pollen grains 
of m wind. Some of them fall 0 
ucilage secreted by the latter. 


SUE 5. A, (top) а ollen grain: (bottom) male prothalluy Б, pollen- 
tube @ Em C, two spermatozoids (or sperm < s). 

into the pollen-chamber- The 

n-tube (fig. 5B) 


the 

pollen grai drawn 

tu grains are ; 

be-cell elongates into 2 lon h Pen tube of Cycas 
g food from the 


wh 
is ich penetrates into t? 
a sucking organ 


А Gyeas seed in section. 
divides into 
cell is sterile апі 


two—the stalk 
d the body 


nu ric, б. 
cellus, The generative ce 
и. The stalk 


e 
ell and the body eel! 


у! 
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cell divides into two large (in fact, the largest known) top- 
shaped multiciliate male gametes (spermatozoids fig. He 
The cilia are arranged in a spiral band. The pollen a 
bursts at the apex and the spermatozoids are set free. They 


enter the archegonium and one of them fuses with the 685 
nucleus. Fertilization is thus effected. 


Seed. The fertilized egg-cell grows into an embryo; 21 
the оуше as a whole into a seed. 'The mature seed benn 
only one embryo with two cotyledons lying embedded in t 
endosperm which again is surrounded by the integument E 
seed coat. The latter consists of an outer fleshy layer and ae 
inner stony layer. The endosperm stores a considerab' 


quantity of food for the embryo to be utilized at the time 0 
germination. 


CHAPTER 2 Pinus (90 sp.) 
Occurrence. Pine (Pinus: figs. 7-8) grows in rich abundance 
in the temperate regions of eastern and western Himalaya 
at an altitude of 1,200 to 3,300 metres. Common species ат: 


1 
f Е.С 


I] ссе, /, 
S PA 
P 


ANS MA 

АЕ SNNT] с 
N Sr LEE 
D.S 


"d: 


FIG. 7 
Pinus. Fic. 7. A male shoot of unlimited growth. M.C, male cones: кше 
dwarf shoots of limited Erowth; F.L, foliage leaves or needles; 5.1, елда) 
leaves. ric. 8. A female shoot of unlimited growth. F.C,, young “ear 
cone of the current year; F.C : | 


тїс. 8 5, 


з, Maturing female cone of the previo 


For mature cone of the third year see ric. 15. 
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Jong-needle pine or cum pine (P. 
P: excelsa)—the latter two grow- 

the Himalayas: Р. sylvestris, а 


hill stations. 


КР т 
oo pine РА 
Gi ba and blue pine ( 
British both the wings aft 
M sp., is cultivated in 
О: 

атак. Ріпе is а tall erect evergreen. Ut 
plant 8 to а height of 45 m. with a basal girth of 3 m. The 
branch Wes well-developed tap тоор andinumer 
rügge dE with green needle-li liage lea 
Qe : and covered with scale 
limit in strips. Branches are of tWO kinds: of | 
ed growth) usually in whorls, an arf (of limited 
snds: long green 


SEDI fig. 7). Leave 

оп] e-like foliage leaves common 

idi on dwarf branches (07 foliar spurs, 2 | 

bra small brown scaly lea n both kinds 0 
1 к The number of leaves in. ® 

P 5. 3 in P. khasya anC ^7 longifolia, 
- sylvestris, and 4 or 1 in certain species: 


R 

Po неон, Pinus is th 

MU or flowers (figs: ^" male a 

ACA es of the same plant (monoecious). ae cone 

of 19 of microsporophyll* or stamens, й ү E 

sho; egasporophylls 07 сагре!8. ones al E & 

m ots of the current year 2 little below t Dd om 
jos cones appear iP clusters, €9€ Т П of 82.8 
M and are 1.5 to 5 cm. in үң IS may 

solit z to 4, eac in 
leaves, UNES o s h earlier than female cones: 


lo : 
wers have no perianth- 
umber of 


е Cone (figs: 7 
ome or y ; 
s (fig. 9A). Each Ta i 
€ntiated i filament, and a te 
into a stalk ( ip is pent Ч rds. 

T osporangia 07 


sio 
n (anther), and its U hei 
like í 
ch 5 microspore 2 
roduce а 


Jt bears ОП i 
pollen-sac?. 


ч 
шише two P' 
pollen-sac contains TO 
NS : ction division 
ое маса ergo“ x ins. Each Пеп grain 
or P? ind intine (inne? The exine 


tet 

Т, ; 

as ad of тісговро Da 
two coats—€* (pute 
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ity of 
+ ntit О 
forms two wings, one on each side. A huge quantity 


t by 
pollen is produced for pollination to be brought abou 
wind. 


B 
Pinus. Fic, .9, 4, a male cone in lon 
two microsporangia (pollen-sacs); C, 


inf longi-section, Note th 


bract scale there 
Nature and so 


е, 
i in shap 
mewhat triangular in 
uliferous scale 


sile 
(fig. 10). It bears Вр 
е base. Each ovule ( & ine 
central mass of цене о 
Surrounded by a single "ache 
+ The integument leaves a nu 
9pyle which is turned ia 
a megaspore поа 
€rgoes reduction divis! 


PINUS 493 


hin it. The proth: 
cells) at one end, 


(mal 
3 КАНО) wit allus consists of (a) 
i ма d cells (prothallus which soon 
"se lisorganized, and (b) an an 
cell ud large cell of the prothallus. The a 
The poll es and forms a generative ' J and а tube cell. 
E en grain sheds at this stai 
place on the nucellus after po 


F 
d aw Gametophyte (fig. 11) 
cA in situ and gives rise 10 the female prothal 
ametophyte) within the п 


b t 
ig portion of the nucellus and € 
сМ 


»gaspore germi- 
lus (female 


п. 4, lower surface; Р’, 
- with one integume! t. lle 
e; OV, ovule Pd se 

nucellus; 4, 


b, Fic. 10 
inus. 

rcp ЕЕ 10. MegasporoPhy 

«t scale; OS, ovuliferous scale 1 

microPy he ollen-tube; 4j 

P, Р 1 

12. Ап archegonium; 


and II а 


Ovu =) 
le in longi-section- ^^ egu 
int 
‘with egg-cell and 


(ston 
y) and i 
a inner layers © e 
wchegonium; ©, с gametophyte (endosPer ). d 
te the neck with two neck cells, 2 d а large ve^ 
a „nucleus in it. 
ant ;ng a solid mass 
S nuclear division П ; 
| tissue—the female gametoP te (other gnated 38 
$ € endosperm) within the ucellus, being i fter fertili 
р orous. The endosper™ ows quickly We e extiliza- 
ion anc in the see g 
and. embryo ! у PATET 
d. surrounds * с rot s, lying embedded in 1t, 
archegonium s 


micr 
DN QE епа сов ibo 
op 2 to 5 archegom* els Short mec 


Sists of 
a swollen vente . 
encloses a large eg£ n with 


und 
lergoes free 
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hich, 
i l canal cell w int 
lling the cavity, and a ventra EH 
OPE Hs gets disorganized. The neck consis 


с 

в ; С, lower 
male gametophyte; p, pollen Ше у cell; 
* Р.С, prothallus cells; A.C, E T.N, t9 
“©, tube cell; S.C, stalk cell; B.C, body cell; 

nucleus; G, male gamete; S.N, stalk nudeus. The 
more, usually 8, heck cells but no neck canal ak cells 
archegonial wall is made of a layer of small but disti mature 
called the jacket cells. The archegonia, however, 
slowly and become Teady f 


А ]low- 
or fertilization only in the fo 
ing year, 


A the 
i m is ti at 
pee quantity of ucilage Secreted at this time 
base of the mi i 
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After i 
m the scales close up 
takes NI. Fertilization (first dis 
when the E the following year at about the sa 
Pollen EU EM mature. The outer coat (exine) of the 
20 аз ее ursts and the inner coat (intine) grows out 
x ard throu ч pollen-tube (fg. 13B). The tube pushes for- 
he àrche Eur the nucellus and finally reaches the neck of 
Pollen-tui nium (fig. 11). The tube nucleus passes into the 
cell and eae generative cell divides and forms a stalk 
pollen-tube dy cell. Both of them now migrate into the 
ertile, The The stalk cell is sterile, while the body cell is 
Ciliate) e latter divides uc 
the NA gametes (fig. “The pollent 

and the two gametes 216 liberated. One of them 

d soon fu! i 


Moy, 

€s towa 

wards the egg-nucleus: an 
пе other male gamete, 


and so does the wide 
covered in 1883-84) 


me time 


ertilizati 
cell A is effected. TI 
evelo the tube nucleus become d organize 
m . 
пороге. en of the Embry?- fusion-nucleus or 
undergoes two successive divisions within the egg 
cell, and 4 nuc ei are formed. ey move 
to the bottom о! egg-cell and divide 
again into 8 nu ; Walls now appear 
Further divisions result in 
f four cells 


between them. d 
the formation 0 four 16 

each; thi 6-celled stage 15 lled the pro- 

lowest tier of four cells is the 

embryonal cells fup 


2 
g ther divide a”. 
E embryos (98: 14 | 
5 into the endospe by very ong an 
7? tortuous suspen! Besides ás there are 
a few archegon!a e ovul some more 
embryos maY be form d. This olyembrony 
is characteristic of pines and other conifers. 
of the many embr, os thus formed the 
strongest 016 only 51 ives matures, 
1G while the T st degen rate. А Ma ure seed has 
14. Emb, thus only 006 е (fig: 17). The latter 
Tyo consists © axis wich radicle, а hypocotyl 
; ше а ber of coty 
the ndosperm. 


vr 
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Seed. After fertilization the ovules develop into seeds ur 
the whole female flower into a dry, hard, brown com 


Е FIG, 16 ис..17 hy!! 
inus, FIG, 15, A mature female cone, ry Aspo rioni 
т р * FIG. 16. A mature їшеразро E. sn; 

with two seeds (winged); w, Wing; S, seed. ric. 17. A seed in longi ey 

Em, embryo e plumule with many cotvtedons; Ff, hypocotyl; R, 194 

n, endosperm; Se, secd coat (with three layers). 
(fig. 15). The seed is Provided with a membranous wine 
(fig. 16), апа has one 


embryo, as described before. !" 


FIG. 18, Germinating seed (4) and seedling (B) of Pinus. 
t F 
аш (fig. 17). There is one integument with pa 
yers. Germination of the seed is epigeal (fig. 18). 
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CHAPT 
ER 1 Principles and Systems 
of Classification 


Js with the descrip- 
nd their classi- 
ir resemblances 


Syste : 
tion, eps Botany or Taxon It dea 
cation рыно and nami nts, 2 
and i pom different groups 
O far as NDS mainly in their m 
Cerned ‘angiosperms OF higher 
(dicoty] 5 has been estimated that 
alrea, a edors L ani M nocotglédons 40,000) are 
cR nown to us, and many more are still being dis- 
ut th and recorded THUS ibaa are not only numerous 
ey are also of varied types: 27. it is not possible to 
т г rome orderly Sys ели 


stud 
po renem unless they а! 
ame andc of systematic P 
Ship with classify plants in suc a 
May be regard to their descent from a 
fication easily brought out The ultimate 
idea ab is to arrange plants in suc у 
€arlier out the sequence of their evolution p 
Tecen and more primitive types 0. ore C 
t and more advanced types 10 different Ре" 


Carth, 
arth’s history. 


‘flowering P 
oyer 19 


UNI i 
» TS OF CLASSIFICATION 
ecies, NE Lo ;ndividuals (plants oF 
A species is а EU. of evidently they resemble 
nological charac- 


ani 
mz 
als) of one and the same kine: 
all importa тогр 
roductiV 


9n 
e 
„teri another in almost 
stics— b; » d е. 
they m oth vegetative anc rep derive 
Parent ay be regarde as hav У 

ay be терага. individua а ath 

chromosome in 


so. closely that 


d from the same 


e 
digo e number © Bein 
Å ivi 5, > t 
Produce the vegetative рез plants constitute 2 species. 
tive cells. Thus eepul plants, d all mango 
i Occasionally, 


Mmi x 
ila: 1 
Гау all banyan Jants, 4 E 
n y P i S 
opts constitute different d distinct 
п dim? T 


In 
E to variations 


ез. 
aphic conditions, 
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à aria- 
individuals of a species may show a certain amount о 
tion in form, size, colour and other minor ги Ee. 
Such plants are said to form varieties. A species may 
of one or more varieties or none at all. 


д 056 
Genus. A genus is a collection of species which Pind E. 
resemblance to one another in the morphological с banya 1 
of the floral or reproductive parts. For CES from 
peepul and fig are different species because they di he habit 
one another in their vegetative characters such as T E еіс. 
of the plant, the shape, size and surface of the “ple one 
But these three species are allied because they resem! fores- 
another in their reproductive characters, namely, s an 
cence, flower, fruit and seed. Therefore, banyan, peepu 
fig come under the same genus, and that is Ficus. 
Binomial Nomenclature. 
is the scientific method of 
in two parts: 
the species. T 


this 


t . ion 
As mentioned in introduction, ^. 


a 
naming species of plants or ата 
the first refers to the genus and the pan 
his system of naming plants or animals d the 
binomial was first introduced by Linnaeus in 1735 a nter 
rules for its final adoption were drawn up by the 1905. 
national Botanical Congress held at Vienna in the year, als 
The name of the author who first described a species !5 cies 
Written in an abbreviated form after the name of the TP HR 
€. Mangifera indica Linn. Here Linn, refers to the ач 

innaeus; who first described the plant. 


1 
era 
Family. A family is a group of genera which show E^ iy 
Structural resemblances with one another, mainly V gibis 
floral organs. Thus in the genera Gossypium. (cotton), 


^, (Por 
cus (China rose), Abelmoschus (lady's finger), Thespesia (Р) 
tia tree), Sida (B. BERELA: Н. Barra), Malva (та i 
Althaea (hollyhock), ete., we 


fb 

find free lateral stipules: ^f. 
calyx, twisted aestivation of corolla, monadelphous sta over 
unilocular anthers, axile placentation, etc. So all the nM i5 
mentioned genera belong to the same family, and t 
Malvaceae. 


SYSTEMS OF CLASSIFICATION 
There are 


4 


DINE an 
of classification.—artificis few 
stem only one or at mos um ed 
itrarily and plants are ar 


two systems 
natural, In the artificial sy 


characters are selected arb, 
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into - 

CRAS to such characters; a$ a result closely 

Gite unrél ts are often different groups, while 

Dus E ated plants are 

his of the presence ог 

platits E enables us to det 

exists si бого. indicate 

Ru "S the individuals forming а group. 1t is 

except Е arrangement of words 1n a dictionary in which, 
or the alphabetical order, adjacent words do not 

t with one another. 


necessari 
sarily have any agreemen 
best-known artificial system 


реа. System. (1735). “Lhe ) 
izes: one compiled by Linnaeus and published by him in 
teristi Linnaeus classified plants according t9 the charac- 
Ki tics of their reproductive organs, Vi. stamens and 

тре]. According to this system plan ainly divided 


i 
SpA 24 classes: 23 of phanerogams 
lanerogams Were further sub-divided into 


r H H 

piss s according to the following 

of isexual flowers, monoecious or dio и, number 

таео, adhesion OF cohesion 

ina of stamens, number of carpels, 
pous pistil, etc. 

es the natural syste™ 2 

ta еп into consideration, ane Pr А 

si their related characteristics: hus accor 

Stic and difference m п their 1 

Pede characteristics, plan are first 
groups. These are ther divi o ae 

Smaller P smaller 89 ‘lt mallest division is 

Teach i ‘es, АП m 

'ached and that 15 a species: m 

fication axe matado ed supersede the artificial ones by 

po fact that they giV€ U* at idea abon 

s Onship existing between different plants P^ ore comp = 

quence of their evolution from simpler (0, "e 

types during different «ods in the earth’s history. 

ystem the 


the important characteristics are 
nts are classified according 
their 


According to the па... 
een divided into t"? De Ws 
Sss’ plants (see part V) mer 
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3 b- 
plants. Phanerogams have again been divided into Hg ‘eee 
divisions, viz. gymmosperms or naked-seeded C 
Part VI), and angiosperms or closed-seeded plants. ee 
sperms have further been divided into two class RA 
dicotyledons and monocotyledons (sce p. 431). Lhe, 
have been divided into sub-classes, series and orders; 9 E 
into families; families again into genera and species; 
sometimes species into varieties. T 
Bentham and Hooker's System (1862-88). The natu 


S p M BRA an 
system that is in practice in India is that of Bentham 2 


Hooker and published by them during the above pete” 
According to these a 


een 
uthors the dicotyledons have b 
divided into three sub-classes, as follows: 


als 

1. Polypetalae. Both calyx and corolla presenti Poer 
free; stamens and carpels also usually present; the 10 ous: 
often indefinite and the latter apocarpous or syncarp oly- 
Within the sub-class progress is indicated through Бойе 
sepalous calyx to Samosepalous calyx, through ШЕ po 
number of stamens to definite number, and through by 
gyny, perigyny and epigyny. 

2. Gamopetalae. 
latter gamopetalous; 
epipetalous; carpels is a 
or united; Ovary inferior or superior, [his sub-class 15 
called. Corolliflorae, 


. ё 
Both calyx and corolla present; 


5 ап! 
stamens almost always definite 


fr 
usually two but sometimes more; so 


ИГҮ 
bsen 
metimes both the whorls 4 ilies 


A much simpler a r | 
by Vines їп England. Accor В р 
9nocotyledons are divided into three 
classes, as follows: 


3. Glumiflorae, The flower i 


; X cts 
s enclosed іп special 112 
called glumes (see р. 96), "' " 


PRINCIPLE 


Following the above schem 


s ОЕ CLASSIFICATION 
e of classification any plant 


481 


may be 
referr : E ДЕР 
cotton, erred to its systematic position. Let us take BANI 
robe Phanerogam 
sub-division Angiosperm 
gs 2: Dicotyledon 
сае 3 Polypetalae 
S ^ Thalamiflorae 
oe E Malvales 
Family - Malvaceae 
Genus Gossypium 
Species TO p s indicum 
ominated by the generic and specific 


А plant is always деп 


na Y 
me, with the name of the author at 


the end. Thus BAN! 


Cot i ] ? E 9 
ton is Gossypium indicum Linn. 
Differences betwee? Dicotyledons and Monocotyledons 
1 Dicotyledons Monocotyledons 
2. eae with 2 cotyledons with 1 cotyledon. 
3. Vena tap root fibrous roots. 
Fer cuation reticulate, with free parallel, with no free 
4. Flowe ending of veinlets Шш, te veinlets. 
zT amero tri; H 
5- Vascular mostly ред оа! and jn stems collateral and 
Bailes open, arranged in * Hing, i closet scattered; in roots 
in roots radial, xylem radial, xylem bundles 
\ bundles usually to 6 pex папу, rarely few 
роо bse ith but f 
9а senti and absent (Wi ew 
Pow W prede in both stem атон); 
г 
Floral Diagram. The number of parts of a flower, their 
Beneral structure arrangement, stivation; adhesion, cohe- 
5 Я у 
100 апа position with respect to mot " es p 
ене by a diagram known 2 the T мит. 
iw floral diagram is the ground pl ae k mi a um 
Ab d the calyx lis outer ns corsi осш in 
a yx i i iddle, алс: 
t 1 , 
thar: he androecium 10 t io ee P 107) of RAE 
of EC Adhesion an eS onnecti ng the respec 
or ; may shown 
tive gh hor ae ane example, f ТА shows that 
ned with lines; as, MA: of ich nine ie ЧИЙ! 
into are altogether te? 5 у NC Wh aining one ER 
whil one bundle (cohesion) S ap К ade d 
(adhe SE 35 shows | on the ОР. represents the position 
of E) » The black ca; edice!) hich bears the flower 
шошо or er and. herefore, the side of 


he axis lies beki” 


уп 
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ME soy siden and 
the flower nearest the axis is called the posterior пе The 
the other side away from the axis the anterior side. 


c 


B Meer 
Floral Diagrams, ric, 1, 4, Papilionaceae; B, Caesalpinieae; 
C, Mimoseae, 


b 

Horal characteristics of a Species may be well represented і 
a floral diagram, while to Tepresent a genus or a family 
than one diagram may be necessary. heir 
Floral Formula. The different whorls of a flower, Ei 
number, cohesion, adhesion and their relative position ula. 
be represented by a formula known as the floral xe for 

nds for calyx, C for corolla, 


it, 


Опе or more formulae, as noted pe " 
Ols are used to represent гош Вя 
ers; thus сў represents male, 9 jr d 
bisexual, & regular, *:zygomorphic, © indefinite, ©! a 
Ranunculaceae : ® $K,C,A. Go Solanaceae : Ф d Ka Cur 
Cruciferae ; Ө #КС,А Сү Labiatae : 4. КСА? 


Go 
Ө PK CA SG. Liliaceae : .Q) d Рз+з\з+9 


Је, 


Malvaceae : 
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CHAp TE 
ER 2 
Famil к 2 Selected Families of Dicotyledons 
ily 1—. 
y Ranunculaceae (over 1,200 sp.—157 sp. in India) 


Habi 
“abit: А 
mostly perennial herbs or climbing shrubs, Leaves: 
compound, alter- 


Simp] 
fate EN palmately divided, sometimes 
With Taf opposite), often both radical and cauline, usually 
Mose in | ing base. Inflorescence: typically cymose (race- 
except i arkspur and aconite). F! : stly regular 
n larkspur and aconite, bisexual and hypogynows 
carpels typically 


Sepa] 
S and petals in whorls; stamens and 
us. Calyx: sepals usually 5, 


Spira] 
Een the elongated thalami 

Sometimes more, free. rola: tals ) 
eaves es absent, often with nectaries, imbricate; perianth 
(when calyx and corolla not distinguishable) free 
and taloid. Androecium : 
e stamens numerous, free, 
Sa spiral Gynoecium: carpels 
usuall numerou some- 
АЗК times Ae free (apocarpous) 
M tovt spiral with one or more ovules 
SE ae Di in each. Fruit: an etaerio of 
e*t. a s achenes 01 follicles, rarely a 
55 д berry oF capsule. Seeds: 
Ss Iburninous. Floral formula— 

4 K,C;^ sU» 

plante: 


Јев. Ове 
ЕХАТЬ ood or aconite (Aco- 


Fic, ; 
LM diagram of nitum. 1670 

апипсщасовс. H ^ gn medicinal tube- 

^ alkaloid, blac k 


Tou 
5 ro da опо 
сй коош Contan а very poison is 
ce (Nigella ii xALAJIRA; Н. KALOUNJI)- seeds 
vl as deri MN ^ . Jarkspur Delphinium), 
Ind | 1 ; Ес 
a Ower ; mall tuberous P 4 
‘henes га rsal virgin s bower (Clematis)—* 
wind-dispe™* ” (Ranunculus) etc; other 
of Ran eg. Indian 


Clin: 
UU: shrub, buttercup unculus, 
n plants: some specie tus; fig. 3) usuall growing 
s 5001670109 crowfoot (Е: aquatilis) 
veller's 


шге 
оп P (Ranunculu d 
Ё и and marsh-banks, water © уру, etc, Ча 
Joy (NS in water and sho b, etc 
ат H H shu , * 
эв avelia)—@ lim 


vn 
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£ the plant 
Ranunculaceae, rig. 3, Ranunculus sceleratus, A, basal portion О 
with leaves and Toots; B, y 


се, 
3 : теѕсел! 
pper portion of the same with inflo A 
C, a flower; D, fow 


etal; ©? 
cr cut longitudinally; E, а sepal; F, a P 
stamen; 


H, a carpel; and I, a fruit (achene). 

Family 2— Magnoliaceae (250 sp.—30 sp. in India) _ often 
Habit: shrubs and trees. Leaves: simple, alternate, ау, 
with large stipules covering young leaves, Flowers: 5 


GYNOPHORE 


Magnoliaceae, rig, 4, Michelia champaca. A, a leaf; B, a Damen vit 
mens and carpels spirally arranged on the thalamus; D, à wegate fr 
four anther-lobes; ;. Carpels (free); F, a carpel; С, agg" 

; (follicles); апа H, a follicle dehiscing. 


5 
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d showy, aromatic; they 
us. Perianth leaves: all 
lic being arranged in 
]); sometirhes thc 


os or axillary, often large an 
Eins gular, bisexual and hypogyno 
iod petaloid, deciduous; either cyclic 
ne of 3 (trimerous) or acyclic (spira 
flam whorl sepaloid. Androecium: stamens numerous, free; 
ina до short or absent; anther-lobes linear, 4; with pro- 
BEEN connective. Gynoecium: Саг ]s numerous, free, 
oe spirally round the elongated thalamus; ovules 1 or 
$ іп each carpel. Fruit: ап aggregate of berries or follicles. 

eed: albuminous. Endosperm of the seed non-ruminated. 


Floral. formula—@ $ Paus: 


Examples. Mostly ornamental evergreen trees and shrubs, 
M. fuscata, Michelia champaca, 


A Magnolia grandiflora, 
: alba, tulip tree (Lyriodendron), Talauma, etc. 
p. in India) 


Fam; 
‘amily 3-—4nnondceae (820 sp.—100 5 
bers, Leaves; simple, 


sometimes clim e 
regular, bi- 


Habit: shrubs and trees, ADES 
lower: 


alternate, disti stipulate. 
Sexual, oi: DE P tic. Perianth: Duel 
In three whorls of three members each; sepals 3 and petals 
in two whorls. Androecium: stamens numer 
69 spirally round the slightly elongated tha 
Tur or absent; anther-lobes 
near, 4; with prolonged con- 
DUI Gynoecium: carpels 
Umerous, free OF connate; 
Ovules one to many in each 
sh Fruit: an aggregate 
Т berries, Seed: the. endo- 
iB €rm distinctly ruminated 
‘©. marked by irregular wavy 
aie Floral formula— 

S K.C, A Go- 

Xamples, Custard-2pPl* (An- 

А 


Nong 

Squamos4a; В. ATA: © 
‘Sn ; ) uit E Floral diagram of 
edu PA or SITAPHAL) Ті но, 5 Боні abot 
r ible, bullock’s heart (4. An ) 

zHculata; В. NON ^ RAM goratissimus (B. g H. KAN- 
PHAL)—fruit ‘edible Artabotrys 9 nt, Unona discolor (B. 

? * 

ALI-cHampa)—flowels very $128 agrant, mast tree (Polya 


L 
AVENDAR-CHAMPA) POW" 
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r ver- 
ifoli if ASHOK)—€ 
thia longifolia; B. DEBDARU; Н. DEVADARU Or 
green tall tree, leaves used for decoration, etc. 


Аппопасеас. FIG. 6. Artabi 
C, petals spread out; D, 
anther-lobes; F, a carpel; G 

secd cut longitudinal] 


c 
trys. A, a branch with two flowers; m 
Stamens and carpels; E, a stammen and'n the 
» an aggregate of berries; H, a seed; n 
ly showing the ruminated endosperm. 


Family 4—Nymphaeaceae (100 sp.—11 sp. in India) 
Habit: 


5 1 ating 
aquatic perennial herbs. Leaves: usually flo 
borne o 


‚ ойе 
n a.long petiole, cordate or peltate. Прус sting? 
large, showy, solitary, on a long pedicel, usually уро 
bisexual, regular and usually perigynous, sometimes oblet 
Bynous or even cpigynous; thalamus fleshy and 3; 
shaped, Perianth leaves: several, free; sepals ever 
gradually merging into petals: petals numerous, gra yous 
merging into stamens. Androecium: stamens ee! 
free, usually Perigynous, adnate to the fleshy ecu 
that envelops the carpels. Gynoecium: carpels 5€ nca 
cither free on the fleshy thalamus, as in lotus, or E by 
pous lying embedded in the thalamus and surroun iu 
it; ovary unilocular with one ovule or multilocular free 
many ovules on superficial placentation; stigmas sess! XR і 
or united, radiating, often with horn-like appendages- with 
a berry. Seeds: solitary and exalbuminous, or Шапи pre 
both perisperm and endosperm; spongy aril is ofte 


SELECTED FAMILIE 
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Sent and helps the seed to float. Floral formula—® $ K«Cz 


oS 


Examples, Plants often 


cult 


suc ation—water lilies 
no as Nymphaea lo- 
ruby; flowers white, 
(SRE: red, N. 
ata—flowers 
us (Nelumbo тисе 


f era 


lily 


nic р 3 
G—V. regia)—t 

years £ be 

ave 


апа 
(В, 


Cio, А 
Sum), giant water 


(2) Or æ% 


Fic, 7. Floral diagra 


ivated for pond 


blue, 
=Nelumbium spe 
(Victoria amazo- 
huge _ tray-like 


8; see fig. IV/1) 
Euryale fero% 


m of Nymphaeaceae: 


fue H. MAKHNA)— 
15 prickly but se 5 
K ible and nutritious. c A M rer 
ду (Nymphaea Pres 
зру 5—Papaveraces® pyc, 8. wee m ( домет cut UN 
Bagg? —40 sp. іп Indi) p entire plant; B, а оп; D, a young 
t: mostly herbs Wil” g, ovary a de fig. 1/1113]. 


ы 


Or yellowish 14165 
es: - radical an 


Li 
I 
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i often showy: 
line, simple and alternate, often lobed. Flowers: cae 3, free; 
lla, bisexual and hypogynous, Calyx: sepals typically iate, large, fre? 
Ет aducous. Corolla: petals 2+2, rarely 3+3, biseriate, imbricate: 
Me mpled in the bud very caducous; agstivation . 
tolled or crump ' — Androecium: stamens о › syn- 
Gynoecium: carpels e-o) и 
carpous; ovary superior, unt as dis- 
placentation parietal; AE ee the 
tinct or sessile and rayed bi septi- 
ovary; ovules many, Fruit : alves oF 
cidal capsule dehiscing by уе сейв: 
a capsule opening by pores. Ser 
many, with oily endosperm. 
formula— 


ФК, „Сог pehaGo s 
Examples. Papaver, €g: ium, ? 
Poppy (P. somniferum) -op (con: 
narcotic drug, is the late hine, 
taining several a ЕСЕН un- 
nicotine, etc.) obtained orphine 
ripe fruits by incision; "pypnotic 
(morphia) is used as a 


Fic. 9. Floral diagram of 
Papaveraceae | (4rgemone), 


il, garden Poppy (P. orienta 
Mexican Poppy 


icana)—a prickly weed bearing У 
flowers, seeds yield an oil, etc, 


Family 6—Cruciferae (over 3,000 Sp.—174 sp. in India) 

: iple 
Habit: annual herbs, Leaves: radical and cauline, simP e 
alternate, often lobed 
towards the top). 
and complete, hy 


free, in t, 
whorls, imbricate, Coroll 


val 


; M two who . ov 
(tetradynamous), Gyn Carpels (2), syncarpous; o the 
superior, oblong, at first I-cell r in 
development of 

each cell; Piece 


Examples, Useful Plants: oils and condiments: mus! 


(Brassica campestris), В. juncea (B. & Н. rar), white шк 
, black mustard (B. nigra), etc.; vegetables: Frata) 
sativus), cabbage (Brassica oleracea var. сар 
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beh (B. oleracea var. botrytis), turnip (B- rapa), B. 
(B. & Н. rar), garden cress (Lepidium sativum; B. & 

A 286 HALIM) etC.; ornamental: 

candytuft (I beris; H. CHANDNI), 

wallflower (Cheiranthus) etc; 

oiher common plants: Rorippa 

indica (=Nasturtium indicum) 

and Eruca sativa—common weeds. 


of Mustard Plant (Brassica 


©. 
(7) $ Description 
% Co campestris; fig. 11). A cultivated winter 
D herb. Leaves: simple, alternate, radical 
and cauline, lyrate. Inflorescence: 2 
. Flowers: regular, bisexual, 
i and bright yellow 


hy; nous, 

FIG, 10, in colour. Calyx? sepals 2 
. Floral diagram of cate, Corolla: petals 4, free, 

Cruciferae. valvate, with distinct claw and limb. 

Androccium: stamens 6, free, 4 inner 

ous). Суп um: carpels (2), syncar- 

mbers by а false septum; placentation 

valves frora base 

ached to 


or ра 


it: h -ping 817025 
erbs, climb! Es imple 


э 


alt 
€rnate, rarely OP 


п 
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us 
ladys finger (Atemi E 
used as a vegetable, ir etc 
;leaves used as а scart viel or 
Species of Н ibiscus, e.g. We mula 
+ TOSa-sinensis; B, ЈАВА; H. Gurwat), Н. 


Ilyhock 
bilis (B. STHAL-PADMA; H, GUL-AJAIB), etc., RUM eae 
(Althaea); shade tree: Portia tree (Thespesia); 

mon plants: Sida cordifolia 


ena 
(B. sERELA; Н. ac УЙ "n & 
lobata (B. BAN-OKRA; H, BACHATA), Hibiscus de "RANGHI) 
H. BAN-KAPAS), Abutilon indicum (B. rEranr; Н. 
etc. 4 


A much: 
Description of China Rose Plant (Hibiscus rosa-sinensis; fig. 14). 
branched shrub, Lea i 


cium’ 
Or anti clockwise. Androe 

United into 4 bu mn; 
adnate to the Petals at the base; anth coloum"" 
), connate; Style passing through the staminal 
as 5; Ovary 5-locular; Placentation 
а loculicida] Capsule, 


сеае (900 Sp.—66 sp. in India) VERAS. 
Habit; shrubs and trees (rarely herbs), Leaves: simp 
Compound, 4 terna 


„dotted. 
or rarely opposite, ашаа the 
OWers : regular. bisexua] and hypogynous; disc Е lightly 
- Calyx: Sepals 4 or 5, free or Androe 
connate. Corolla: Foals) ot 5, ‘free, imbricate: ice 
i Variable in number, generally Vire о. 
97 Numerous in Citrus ond Aegis, ium: 
united in irregular bundles (polyadelphous), pi m 4 
carpels generally (4) or (5), or (œ) in Citrus, syne her 
Se at the base and united н 
п the disc. ovary usually 4- or PR ovules 
multilocular in Citrus, with axile placentation; ule oF 
2- eo (rarely 1) in “ach loculus. Fruit: a berry, сар ithout 
hesperidium (see fig l/M9F) Seeda: with or 


r oo 
endosperm, F loral formula—g ФК, С, iA, 20 or oG (6: 5 6 
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SELECTED FAMILIE 
lemon, orange, 


Examples. Useful Plants: Citrus (e.g. lime ^ 
Citron, pummelo or shaddock and grape fruit), wood-apple 


(Aegle marmelos; B. BAEL; 
H. SIRIPHAL), elephant-apple p mes 
(тота acidissima; B. КАТН- 
Акт; Н. xarra), Chinese box TN 
(Murraya den EIS B. K^ (= ә 
мім; Н. MARCHULA)—U \ 
useful, curry leaf plant 
koenigii; B. & H. BARSUNGA) Qus 9. 
—leaves used for flavouring Sour 
Curries, etc.; other common 
plants: Glycosmis arbore? (B. 
ASHHOURA; H. BANNIMBU), Clau: ric, 15. 
sena pentaphylla (B. & © l 
PANKARPUR), etC. ime (С: aurantifolia), 
Common species of Citrus: c. (G. medica), 
Sweet lime (C. limetta) Jemon (С. © 
Prunelo or shaddock 
iculata; B. КАМАТА; ^^ a. 
sis), grape Ps paradisi); etc. 


‘Al 


рў 
в, а flower; 
, section 


o aceae: ric. 16, 500 Еу 
» stamens (polyadelPphow) pow 
of ovary small 
egre араса .9, oblique 
согуп! 


п ev 
Deseri : panicul d. ` ate) 
ption of Murray? A Шш i 


pe rimam comp agant Da 

Qmetimes ag. nil Бо Пе Ри 5, nd shorter, inserted on 

Баке. minute пашат. s à е petiot, 

ae dorgated disc. 672%" Dy gi 
‚ 9.locular (° 
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loculüs; style linear; stigma capitate, Fruit an ovoid berry, 1- to 2-seeded, 
red or deep orange when ripe. І 


Family 10—Leguminosae (12,000 хр. 951 sp. in India) 
Habit: herbs, shrubs, trees and climbers, Roots of many 
species, particularly of Papilionaceae, have tubercles (see 
fig. 111/2). Leaves: alternate, pinnately compound, rarely 
simple, with a swollen leaf-base known as the pulvinus. 
Flowers: bisexual and complete, regular or zygomorphic, 
hypogynous or slightly Perigynous. Calyx: sepals usually 
(5), sometimes (4). Corolla: petals usually 5, with the 
one posterior (towards the axi 


е aXis), sometimes 4, free ог тше 
Androecium: stamens usually 10 or numerous, sometim 
less than 10, free ог unite 


( d. Gynoecium: carpel 1; ovary 
геше, pith l to many ovules; placentation marginal. 
ruit : а egume or pod. Seed: mostly exalbuminous. 


minous plan 


Ong to it. Besides, the leg" 
the soil. 


nodules are natural fertilizers © 


„been divided into the follow: 
P apilionaceae, Caesalpinieae an 


lateral hich in the! 
turn cover the two in Шш Gaal haat peo boat-shaped 
keel; aestivation vexillary (see fig. 1/115). Androecium: 5 s. 
mens ten, diadelphous—(9) 1, rarely free or monadelph?/ 
; as described above. Floral formula 
*t$KaCOquG. For floral diagram see p. 432. A 
Examples. Useful Plants; pulses (rich in proteins), Conus 
$ ° 18. 1/). pigeon pea or red am (v. , 
cajan; В. АКАНАВ; H, RARAR) Bengal gram (Cicer arietinum) 
green gram. (Phaseolus aureus: В. & Н. моомс), black 872 


S 
ELECTED FAMILIES O 


(P. mungo; B. KALAI; 


Гусі, 
(Dolicha тах= б. soja) etc; 
5 05 наро: B. sHIM; 
E „В. BARBATI; H. RAU 
(Ph TUBES B. MAKHAN-SHIM; 
olus vulgaris), etc.; natu 


sinensis; 


Leaves 


Flowers 
Infor, 
Calyx 


Corolla 


Androe- 
cium 


Papin: 
abilonaceae. ric. I 
a опасеоиз (see 
eum; b, wing; ^ k 
Tpel (note 


H. 


urm), lentil (Le 
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ns culinaris; В. & 


. M. $ 
ASUR), Lathyrus sativus (B. & H. KHESARI), soyabean 
vegetables: 


NG), sword 
M. BARA-SHE 
ral fertilizers: 


Distinguishing Charac! 

Fapiliouaceae Caesalpinieae 
usually — I-pinnate; 1- or 2-pinnate, rarely 
rarely simple. stipels simple, sti absent 
often present 
papilionaceous zygomorphic 
raceme racemose 
gamosepalous polysepalous, 

times amosepalous 
polypetalous, poste- polypetalous, poste- 
rior petal largest and rior | Pe? allest 
outermost, gesti- and innermost, 2691" 
vation vexillary vation imbricate 

ten or fewer 


stamens ten, (9)+ , 
rarely (10) or 10 


also fi£- 


the ovary EX 
marginal placentations 


SHEM), COW p€ 
bean (Canavalia 


M), French bean 
Sesbania canna- 


ters of Leguminosae 


country bean 
a (Vigna 


Mimoseac 
bipinnate, stipels 
present or absent 


regular, small 
spherical head 
gamosepalous 


gamopetalous, all 
etals equal, aesti- 
vation valvate 


often indefinite, 
sometimes definite 


п 
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; ту; Н. 
bina (B. & Н. DHAINCHA), sesban (S. sesban; B. Шо кес 
JAINT), lucerne or alfalfa (Medicago sativa—also a 


Cacsalpinieae, FIG. 18, D 
a pinnately compound leaf; 


A, 
a). Ae 


1 im 
warf gold mohur (Poinciana pulcherri 


etals OF 
B, a flower; C, calyx; D, дон carpe 
Sected out; Е, aestivation (imbricate); F stamens; G, pistil o fruit. 
H, ovary in transection showing marginal placentation; I, 


(y 515500); 
Indian redwood (Dalbergia siss 


‚л (Lup 
sweet pea (Lathyrus odoratus), lupin Cd 
nus), rattlewort (Crotalaria sericea; B. arasn; H. J f 
NIA), butterfly pea { 


Go 
(Clitoria ternalea; В. APARAIITAS Н. ye 
tree (Erythring variegata; B. MANDAR; H. ete 
AKPHUL; H. AGED fig: 
other useful plants: Broundnut (Arachis hypogaea; 5 hemP 
11/31) seeds. yield 4346% of edible oil, Indian other 
ia j yields very strong bark fibres, etc: 
common plants: Indian t 


Cowage (Mucuna 


KARNA), сога]. 


m E 
elegraph plant (Desmo S 
pruriens), wild pea ( р (Fof 
Тёа—а common weed, etc. 


tree? 
SP. in India) Shrubs and pate 


di: ipinnate' 
Leaves: unipinnate or bip orc? 


as іп camel’s foot tree (Bauhinia), йо” 
cence: commonl 


ic а 
a raceme, Flowers: zygom ore ome 

polypetalous, Calyx: Sepals usually 5, polepalou s im 

times 8amosepalous). Corolla: petals usually 5, fre 
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one always innermost. Androe- 
free, Floral formula— 


m see p. 432. 
Eritiples; Useful plants: tamarind (Tamarindus indica)— 
(Cassi widely used for sour preparations, Indian laburnum 
assia fistula; B. SHONDAL; ^ SH)— heart-wood 
Ке ry hard and durable, and flowers ; medi- 
€inal: Saraca indica (B. ASOK; B. SEETA-ASOK)—also orna- 
mental, fever nut (Caesalpinia crista; Н. KAFKA- 
RANGA), etc.; dye: sappan ОГ 
ban; В. & Н. wakam)—wood yields a valuable red dye exten- 


sively used for dyeing silk and wool, 5 
this dye forms Au а in ‘HOLY festival, and pods yield 


EDO» 
D 


SELECTE 


B (C 


i Ti a branch with а pinnately com- 
pos Dr T inflorescence; , stamens and 
or pa D, 2 fruit (legume) partially opened. 


Caesalpini 

eae, FIG. 19. 

Pound leaf (leaflets in 
Pistil; C, pistil (one carpel); 


8), etc; other commo” FO) c occidentalis ( 
, g H. DAD-MARDAN); 


S 
suNDE; Н. KASUNDA; ЁЁ — р; 
t NDA), ringworm shrub (СА ы, 
Ота (B. & H. CHAKUNDA "d ma; 
'Poinc: 2 
ESO Mohur Plant M aflets 
fg. ep an A рны буш. Leaves: ріпа Cie. pisexual and 
Е 
YPogynou: » sepals 5 G 
me PESE Calyx’ те innermost d Jong: Gynocciam: | 
tamens 10, f, laments 516 der ака ан: а pod, with many 
“Uperior, 1. ET Dur. n ovuled. md 
3 -Ci 


п 
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у mm 
(3) Mimoseae (87 sp. in India). Shrubs and trees, some 


А $ ly bi- 
times herbs or woody climbers, Leaves: commonly 
pinnate. Inflorescence: a 


lar, often small and aggregated in spherical heads. Calyx: 
=й ; 
Ey 
2452 E 
VAS 
(12222 (| 
DINKY \! L MS 
KK (ss WS \ 
М ESNS S = 
asi ANN 
S CE «5 
- S у 
Ces. = ee >= 
Y Фе. => Же 
Жа — 2 ке 
бз OR М 2 
ARES f == c 
2 m A 


pp ңе 
Мітоѕсас. ric. 20, Gum tree (Acacia nilotica). A, a branch with DP. (опе 
compound leaves; В, an inflorescence (head); C, a flower; D, pis! 
‘arpel); and E, a fruit (lomentum). 
Ша: 
sepals (5) or (4), generally gamosepalous, valvate. Coro! 
petals (5) or (4) 


te. 
» mostly gamopetalous; aestivation valva e 
droecium ; Stamens num d in 
or sometimes united: at 
small masses, 


© „оС A or 10 Gr 
floral diagram see p. 432, gemitus 


Examples, Useful plante: Catechu (Acacia catechwi 
White Н. KAITH) yields а kind of tannin called cate 
which is obtained: by boiling chips of heart-wood, e 
tree (A. nilotica— A. arabica; B. BABLA; Н. BABUL), AUS"; 
lian Acacia (e.g. A, moniliformi 
are sources of ta 


LAND ?;. 1 а; 
* Sensitive plant (Mimosa рифа а 
АЈЈАВАТІ; H, Lajwanti 9r CHHUIMUI), Pithecolobium 
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T & Н. DEKANI-BABUL), nicker bean (Entada gigas; B. & H. 
LA), Jerusalem thorn (Parkinsonia aculeata) and Prosopis 


Sbici 
Picigera (B. & Н. SHOMI). 
Descri 
ption of gum tree Acacia nilotica: (Big. 20). A tree. Leaves: alter- 
E bipinnately compound. leaflets very small. Stipules modified into 
. inem Inflorescence: a globose head. Flowers: regular, bisexual and 
YPogynous, yellów in colour. Calyx: sepals (5) OT (4), gamosepalous. 
cu petals (5) or (4), gamopetalous; adrivation valvate, Androeginm: 
kanes шапу, емецей, Free or slightly connate 
Ovul 2-4 in each cell. Gynoecium: carpel 1; ovary 1-се 
ed. Fruit: a pod, septate, 10-15 


at the base; pollen 
lled and many 


fem. long. 


inus 11—Cucurbitaceae (750 sp.—84 sp. in India) e 
Habit: tendril climbers; tendrils simple Or [ы 
ves: simple, alternate, broad and almate det th 
dio ere: regular unisexual, epigynous 27 ш е 
loecious, Calyx: sepals (5) united, often кр EE 
torolla: petals (5), united, often deeply. 5-lobed, i ; 
erred on t -tube. Й 
ааг ode Tadroecium: stamens ua буе 
іп a pair, or 5, united in 2 pairs, the odd oni th or by 
Бе; the stamens may unite by their wian End ond 
eir anthers only; each anther шей like $ Fo 
fo 9r 4-lobed; anther-lobes sinuous, 16. twis 
т 
mula—& of Ku C^? «bt m " iae 


{тше ui : By ] but often 
Ovary: i rowan gy olacentation parie 
thei inferior, unilocular; Be Ду chambe ү of the ovary 


Placentae intrude 


Fl, 9 Ӯ; 
. 21. 

aal diagrams 

4 Cucurbitace 1 


È Male flower: 
> femal, ; 
e flower. 


ste king the latter falsely п 
for 3 which аге often 
тшо 9 Kg Cet" , 
yi Plant; of this family are D ms а few are 
E delicious summe" fruit’, 


vil 
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lon 
Examples. Vegetables: sweet gourd or musk E ў 
(Cucurbita moschata), pumpkin ог vegetable marr 


FIG. 22 ric. 28 по 

; А, f a bra © 

Cucurbitaceae, ric. 22. Gourd (Cucurbita moschata), Portion © on 
with a leaf and a ten 


dril. кс. 28, Male flower of the same. 4 
stamen; B, two stamens united together. aria 
+ H iu 
bepo), giant gourd (C. maxima), bottle gourd (Lapen an 
siceraria; B. vau; H, LAUKI), snake gourd (Trichosanth АТАР}, 
guina; В. CHICHINGA; H. CHACHINDA), T. dioica (BP RALA 1 
H. PARWAL), bitter gourd (Momordica charantia; B. * 


ҮШ 
& UcHcHE; H, KARELA), M. cochinchinensis (B. KAKROV |, 
CHATTHAI), ash or wax gourd (Benincasa hispida; B. © iy 
RUMBA; HG PETHA), ribbed gourd (Luffa acutangula), clo? 
Sponge or loofah (L. cylindrica), etc.; fruits: water ™ Сш 


Citrullus lanatus), melon ( (C 
cumis melo) and cuc супі 
sativus); medicinal: Со EU 
(Citrullus colocynthi5 ^ iig 
KAL; H. INDRAYAN), mE. 
indica (B. TELAKUCH^: 
KUNDARU), etc. ant 
i Gourd 
RET QEON. figs 222 eri 


tendril opposite the leaf, 2- t° ; 
Leaves: Mind; tong-petioled fast 
ately veined, Flowers: tay vss 
large, yellow in colour, ТЄЁ Я Л 
of gourd sexual (monoecious), Caly** jea H 
moschata); B, ovary in (5), connate: lobes linear © 
showing Placentation, Corolla: petals (6), connate, 


FIG. 24. A, female flower 
(Cucurbita 


transection 
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e. In 

male flowers: androecium: stamens 3, united in a pair, the 

one 1-celled and two 2-celled, sinu- 


odd о mid 
ous, n puse free; anthers united, 
ferior, 5087 flowers: _gynoecium: carpels (3), syncarpous: ovary in-, 
; placentation parietal; ovules many; stigmas 3, each forked. 
many, exalbuminous, compressed. 


000 sp.—674 sp. in India) 


SELECTE 


Fruit: 
t: a large fleshy pepo. Seeds: 


Fami 
HU 12—Compositae (15 
Пары mostly herbs and shrubs. 
Ape aam simple, alternate or oppo- 
, rarely compound. Inflores- 


italum), 


ce; А 
ИК. a head (or cap 
Flowe an involucre ob Prats f 
E (florets) are of two kinds ih 
e central ones (called dise flo- \\ 
are tubular, and the marg!- 
ets) are 


il^. 
al ones (called таў flor 


li 
"1 ulate; sometimes all flore are 
irn. kind, either tubular ОГ eres 
ate, i 
ric. 25. Floral diagram of 
tubular, Compositae (disc floret) 


Disc Florets: regular: 


bisexual and epigynous, eac 
practeole: Calyx: ofte 
Corolla: 


or abs 


u: P 
Trei in the axil of a 
ppus, or into scales, 


the base; ү 
syngenesious); 


floret (female 


ipetalous; fil 
Gynoccium : 


оць tubular. 
ents free but ай 06 
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isonous, 
viana; B. KALKE-PHUL; Н. PILA-KANER)—seeds very pu 
devil tree (Alstonia scholaris; B. СннАТІМ; Н. ОБА 
etc.; fruits: Carissa carandas (B. KARANJA; Н. KA 


Apocynaceae. ric, 29 
B, 


r of leave 
a flower; C, a ft 


‚ Oleander (Nerium indicum). A, a who 


stam! 
ower opened out; D, calyx; E, a petal; He 
ive with hairy appendage); and G, pistil. 


(connecti 
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thorn 
orny shrub; 
Dinta E. ornamental: periwinkle (Lochnera ro. 
; В. NAYANTARA; H. SADABAHAR—Aig. E 


olea 
nde É 
OMA indicum; В. KARAVE 
H ty » м 
coronaria (В. TAGAR; H. CHANDNI), temple or 


pagod: 
a tree (Plumeria rubra; B. KATGO! 
H. MALTI), Allamanda, 


SE 
LECTED FAMILIE 


4g 
апоѕт 
1a 
etc, caryophyllata (B. MALATI; 
D 
eseripti 
pr ption hie 
ocumbent cof orit Plant (Vince rosea; fig. 30)- An’ erect 
ib or undershrub containing Leaves: © posite, 45 
axillary, solitary, white Or 
tube and limb. 


cm, lon 
TOSy, ag: or oblong in shape. lo Д 
Calyx: “sepals bisexual, hypogynous 100: S ih distinct 
сова. VER t (B), connate at the base. Corolla: Is (5), connate, 
[T corolla-t wisted aestivation. Androecium : ens 5, inserted within 
2 large ube and adnate to it; 
glands. Gynoccium: 3b ca 2, With Dre 
pair of slender, erect follicles. 


and 1 X 
t stigma, annulated. Fruits: 5 
amily ] 
^ Habi Convolvulaceae (1,600 sp.—157 sp. in India) 
it: ni i 
1966: id twiners. Leaves: simple, alternate and exstipulate. ай 
ому. Se ose, Flowers? , bisexual, hy us, often lare d 
ited, ра 5, usually free, imbricate 2! sistent Petals: (5) 
nel-shaped, twisted in bud, someti imbricate. Stamens: 5, 
ith the petals. Сагреїз: y, rarely more, COn- 
g-celled, with 2 ovules in 
ае! 


“Piper 
al 
ate; VEN alternating with 
y superior, with à disc at the : 
„celled W 1 ovule a E СА = 
ГЕ 5409) sU a) 


tach 
Aile, ELT sometimes „4 
it: a berry or а capsule. al form 
Examples Useful plants; : 
° swcet pl potato (po batatas), апі 
water bind (ро aquatica 
I reptans); al: Ipomoea poni 
culata (B & HUI KUMRA)» and Indian 
culina turpethum; B. 
morning 


jalal Operett ; Ri; 
н. P Сонам); ornamental : 
glory (- рифи), railway Creepe (1. 
palmata; fig. 32), moon foWc i 
grandiffor®): L nil (В. & H- NIL-EADU): 
1. quamoclit (= moclit pinnata; B. 
KA LATA н. камта, ноого (1 
ЖА Шапе, Convoluulus, etes 
plants: godder 
5 
‚ Evolvul 


tubero ) 

her mon 18 

(Сизсша тейеха: B WARNA-LATA; H. 

(pasni: BG fig. 1/9 . 
rius and E [si oids—common 


Fic. 3 

Con 1. Floral di of 

recom tone? weeds, etc. 

Hany 1 sp. in India) 
abir: d E es ү ШЕ 4 
INT уез: ; 

Road Td b sha уне: regular, pisexval, : 

, alternate, н > ` 

Us. Calyx: se pals (5) united: persistent rolla petals 
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(5), united, usually funnel. or cup-shaped, valvate or twisted 
in bud. Androecium: Stamens 5, epipetalous, alternating 


ch; 
vulaceae, vic, 39. Railway creeper (Ipomoea palmata). A, а ber 
[ (opened out); C, pistil; and D, 
axile placentation, 


Convol; 
B, corolla with €pipetalous stamens 
of ovary showing 


with the corolla-lobes 


; anthers apparently connate. ort 
» Syncarpous; ovary superior, obliq or 

. placed (fig. 33), 2-celled % 
Sometimes 4-celled owing | 
the development of a ДЕ 
Septum, as in tomato cem 
Datura; ovules many; Pine ity 
tation axile. Fruit: a Ў 
ог capsule with many 5€ 
Floral formula— 


Ө f Kg Cua AG: 


Fic. 88. Floral diagram of Examples. Solanum with 1,5 
“Solanaceae, 


i ies i est genus 
ho family. Useful plants, °P°cies is the larg 
tuberosum), brinjal (s. me ersicu™ 
esculentum), Жы а au melongena), tomato (Lycop di 
deadly nium) früits are pungent and stimulant; medicin^ " 

5 ; ў 
deadly nightshade (Atropa belladonna) thorn apple (Datur 
metel— D. fastuosa; g. 3 eeds very poisonous, bi ah 
Sweet (Solanum dulcamara; B. & Н. мїтнАзїзн), 5. 5%” 
B. kANTIKARE; Н. х " 

: BIRHATTA), Withania somnifera, 
abd pea) H ASGAND), etc: ird tobacco (Nicotia” f 
a9acum)— tobacco of Commerce and also a source S, 
> fruits: gooseberry (Physalis P 


SE 
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(Lycopersicum esculentum); 
the night (Cestrum noctur- 
Н. RAT-KERANI), etc; other common 


vian . 

s а; Н. мэм) and tomato 

уза n : Petunia, queen of 
; B. HASNA-HANA; 


Sol 

be ric. 34. Thorn-apple (Datur e 

Pistil Ag a flower; B, corolla (opened АА of ovary Sh i 
Chambers Eum Mx fruit; and G, * шише 


AN 

Black night Й is 

ex cut 10: T ( ovary in 
ens; P pd Н, 


With epipetalous $9 7, gptatio!: a 
showing axil* pia 


Sol, " 
в aceae, pig, 55. 


> a 
оцу flower; С, а flow 


vit 
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plants: black nightshade (Solanum nigrum; H. Сико ай 
fig. 35), wild gooseberry (Physalis minima) and wild tobacc 
(Nicotiana plumbaginifolia) 
Family 16—Acanthacene 
Habit: herbs, shrubs and 
present in the leaf and ¢ 
and opposite, usually decu 


(2,200 sp.—409 sp. in India) 

a few climbers; cystoliths oten 
he stem, Leaves: simple, enti 7 
ssate. Inflorescence: a spike OT 


FIC. 36. Floral dia 


Brams (two types) of Acanthaceae. ‘ 
7YBOmOrphic, often bilabiate or ens 
nous, : H rac 

bracteoles, Сайух К G Sait esit 
in bud. Corolla: petals (5), connate 10 
la, twisted or imbricate in bu a 
4, if 4 didynamous, epipetaloU? 
> disc often conspicuous. Супе 


t 
"Упсагроцѕ; ovary superior, 2-celled, Wi 
~ © ovules in each: p] Ovary sup neg ed 
capsule, Seeds: usually vm canon axile, Fruit: а 


{ Y Oh curved hooks (jaculators) ker 
it from inside; the latter then bursts wit 


and scatters the seeds (see бр. 1/159). Flor? 
formula— 4 КОСА, Ge) ( g. I/ 


Examples, Medicinal: 
H. MAHATITA)—an eff, 


1 


е-со] i a (see 
1/159), Thunbergia oured, Ruellia tuberosa ( 
common plants: Run 
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SELE 
CTED FAMILIES о 


Асан 

th, 

va aer Fic. 37. Adhatoda vasica, А, РО a branch with а spikes 

Corolla: AN (bilabiate), C» stamens ? dherent 10 the upper i of the 

; D, pistil (calyx opened 00 y and Ё, ovary in transection showing 
axile placentation. 


Fami 
ily 17—Labiatae (3,5 


Habi 
simple herbs and undershrubs, with 590 
e, opposite OT horled with 1B ү 
zygomorp jc, bilabia® hypogy™ 
„sexual. It 2 


mosepalous, 
persistent. 
mopeta- 


2-]ipped: 


he 5 
38. Floral diagr^ of 
Labiatae. 


vil 
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ovule' in each cell; style gynobasic, ie. develops fion 
depressed centre of the lobed ovary; stigma bifid. erc 
group of four nutlets, each with one seed. Floral form 

+ Kg C AG, 


д А - LEN. А sed 
Labiatae abounds in volatile, aromatic oils which are u 


in perfumery and also as stimulants, 


Labiatae, РІС. 


39. Basil (Ocimum Басит). 4, a branch with inflo 
geek B, а fower—bilabiate (noče the FOROR stamens; C, а. 
PUELLA Split Open with €pipetalous Stamens; E, pistil (note the рупо! four 
style); F, ovary with the dice in longitudinal section; and G, a fruit of 
nutlets enclosed in the persistent calyx, 


Examples. Useful Plants: medicinal: sacred basil (Ocimum 
sanctum; B. & H, Tursi), garden mint (Mentha viridis; 
PUDINA; H. PODINA), Peppermint (M. piperita) —source of 
Peppermint oil and menthol thyme (Thymus)—source 0 
thyme oil and thymol, Tosemary (Rosmarinus)—yields о 
of rosemary, patchouli (Pogostemon)—yields patchouli on 
lavender (Lavandula) yields lavender oil, etc,; ornans vs 
* Sage (Salvia; see fig. 1/137), Coleus (see fig. 1/34) 
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marjoram (Ori )—cultiva E 
ВЕ cae pli plants: basil (Ocimum basilicum; 
8- 39), wild basil (O. canum), ibi ; 
уыш lt 40), unha inifolia and L. aspera (B. 

) etc 


Description of Leonurus sibiricus (6g. 40). 2n Cum TE Inflores- 
quadrihion of Leonurus ай oppositedecusate, I ynous, reddish; 
бесе: vertcillaster. Flowers: bilabiate Pn ; 
а jj z б connate, * lij 
od rds p ped qo 
HE and lower lip $-fid. Androecium: ovary 
basics" Gynoecium: , Po 
; stigma 2-64, Fruit of 4 бу nutlets- 


2 rh 
Labi ;piricus. саіух; 410 
latae, шш sibi ay vie and 4- 
Mae, rig, 40. 26011 ег (pila pasic ent calyx. 


Inflorescences; B, 2 i 


Moug 
and epipetalous; E; P clets 
ш; nu п i 
and F, fruit of {097 g sp. і" odis) posite 07 


F 
н? 18—Amaranthacet” es а US 
Ҹа, mostly herbs, SOMET foreste small, ТЁЗ! 
осше, entire, ехвїрїїїїє I^ flowers: 

tanched spike, or а raceme 


ART УП 
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i i i i bracts and bracteoles, Ре! foc 
een Goa Le Dic or (45), united, membranous, bw 
an a (often some reduced to staminodes) free or ths sometime 
репа ‘or to one another into a tube; petaloid outgrow Mi c s 
Hem between the stamens; anthers 2- or 4-locular. i p ES ovule 
(2-3), syncarpous; ovary superior, unilocular, Spon м: or capsu 
(many, however, in cock's comb). Frnit: a етгу we (q-s)A5 
(dehiscent). Seed: endospermic. Floral formula— e g Pu 


G(,). ngeticus, 4: 
Examples, Leafy. vegetables: Amaranthus caudatus, A. ga 
blitum (=A, oleracea)—a tall 


us, 
Турат 
annual widely cultivated, 4. Pob 
etc; ornamental: 4. 


showy) ^. 
tricolor—leaves variously coloured and dulous 
paniculatus—a tall plant beari 
spikes, 


pr nes 

ranth 

spinosus), А. viridis, chaff-flower (Асу 4, 

amoena—a com 
dense Coating of hairs, 4. 

nodiflora com 


ingia celo: 
monly used as a border for garden beds, Deeringta 
—a rambling climber be 


aring globose red berries, etc. 


йй India) 
Family 19—Euphorbiaceae (7,000 sp.—374 sp. i 
Habit: herbs, 


‚4 mik 
shrubs and trees, often with acrid ие 4 
juice. Leaves: simple, usually alternate; stipules 28 mixed 
f cence: varying— racemose or ymo а 
эг а Cyathium (see р. 89) as in spurge (Euphorbt rA; P^ 
H. sty) and jew's slipper (Pedilanthus; B. RANGCH 1005 
NAGDAMAN), Flowers: small, bracteate, regular, hyposy the 
always unisexy 


x T A : ts 0 
noecious or dioecious; rudimen horl 


sioide 


кз SPP. 
П spurges (Euphorbia) and jew a vit 
ers are reduced to solitary stame stame Я 
(see pp. 89-90); in other cases free ° 
usually Many or Sometimes few; filaments either ЗР ord 
many bundles, Floral formula—® 

A1 S G,. 


ers: earpels (3), syncarpous; ovary y 4 
3-lobed, Superior, wi i c ostly 
pendulous; styl ; stigmas 6. Fruit m 
capsule or а терта, F loral formula—@ QP or 5 AG e " 4n 
Examples. Useful Plants: castor (Ricinus communis; Cli 
—seeds yield castor oil, emblic myrobalan 
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SELECTED FAMI 
H. amurka)—fruits rich 
ed for tanning. Baccaurea 


officinalis; - e Ж 
fficinalis; B. AMLA; in vitamins, 
(B. LATKAN; 


medicinal and also us 


Euphorbiace 
„ Fic. 4l. d 
ofa branch. pia branch with three inforescences; P» P 
inflorescence B, авіш) р, cyathium vs longitudine 
centrally placed female i ower surrounded by numero" | bracteoles at 
male flower (reduced to a n only) "i al ant 

ase; F, reduced tO 2 

, female flower ( ion. 


H. LUTKO)— i 1 and 
aril, pulpy “o 
esculenta)—tuberous roots Yes ies 
crotons (Codiaeum variegatum) we літа; 88. 41)—orna- 
leaves, poinsettia poinsett она own as hedge 
mental, Jatropha curca ар. em 2,000 species), €8 
plants, spurges Eu rbia ntiquorum, 
E. neriifolia (В. 
Splendens, etc.; other Lon P rait 
—a weed ha indic 4. etc. 
ed, Acalyp dulifera—& weed, ete 


nettle, Euphorbia Ё! 
Descri, " plan 

ption of Castor Б. 
Breen, mecs branched, Ш pes usally т or 9 


RC lobed and vein И 
сше (sub-panicled)- 9 pers: ns many 
emale and lower male Mel fad um pne "Female flowet: 

-lo sent. Gynoecium. 


5 ; 
segm 5 Па 2 ; 
Severa] neu. (Секе yadel hous); an peoi, 
calyx gamosepalous, spatter bed and $- 
arpels (8), connate: ovary 


464 
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each cell; styles long or short, 3, each 2-fid; stigmas 6. Fruit а EE 
length, splitting into three cocci, each 2-valved. Seeds 
inous, with a distinct caruncle. 


19-25 mm. in 
in each coccus, al 


FEMALE FLOWERS 


MALE FLOWERS 


Euphorbiaceae, Fic. 42. 

y + 42. Castor 
a leaf and an i " 
female flower; Spoke 


with 
a 
E, ovary in 


(Ricinus: communis). 4, а branch D 
B, a male flower; C, branched stamens; fruit 
transverse section; F, a seed; and G, а 
En (regma) splitting. 
: АРТЕК 3 Selected Families of Monocotyledor* 

amily 1—Liliaceae (over 3,000 sp.) r 
belit he апа climbers, rarely shrubs, with rhizome ^ Я 
Flowers ree cauline or both, simple, ud 

A ORB bisexual, hypogynous, 

or qr. raceme, panicle or spike, or d ch (umbellate). 
€s (tepals) 6, in two whorls, usuall Y tio? 
etimes united (gamophyllous); aest!*? „е 
m: stamens 6, in two whorls, rarely 9 car- 
€ perianth (epiphyllous). Gynoecium: 
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©; ‚ Syncarpous; OV i 
ih ae E i. is eae ie usually 
е E pe formula-& $ PyisAstaGiad веле 
fig. 44), Е w plants: vegetables: onion (Allium prs 
ascalonicum) (4. sativum), leek (4. porrum), shallot (di 
SATAMULI; 2 etc.; medicinal: Asparagus racemosus (B. 
cHOBCHINI s SATWAR), Smilax zeylanica; B. KUMARIKA; H. 
EM ARI; EL = fig. 1/63), Indian aloe (Aloe vera; В. GHRITA- 
ily (G lori; HIKAVAR), еїС.; ornamental: lily (Littum), glory 
osa superba; see 1/716), day lily (Hemero- 
calli), dagger plant or Adam's 


LJ 
needle (Yucca 8 
lant (Dracaenu), 


Z “м, 1/92), dragon р 

Ф *e asphodel (Asphodelus), 
Ф cher's broom (Ruscus; see fig. 
(80 1/58A), сіс: fibre: iclding: Бом 
% aS $ string hemp (Sansevieria b 
burghiana; B. MURVA; H. M^ 

RUL), etc 

jon Plant (Allium 


d herb wi th 


se 
Ne " of Onion 
cepa; 66. 4) ^ 
tunicated bulb. pulb surroun ed b 
inner. fleshy and outer dry _ scales. 
radical, glindrical, hollow, 
pr terminal 


Fic, 
» 43. Fl 
* О! " 
LLLA of 
5 Leaves: 
eathing- Inflorescence’ 
апае ‚ Bracts 2, sometimes 5, 
white, regular, 
6 


Umbe 
mes on 
bi fibris. leafless flowering, ste™ 
Cong dal Бр enclosing tlie g umbel 
nate bee ee sometimes 
low, campanulate. ‚Ап! 
yn 


Ir 
34 OW or di 
i Obed and Mel at the base. um 
-celled; style short, filiform; stigma 
nual herb. 


each 
z cel л 
1. Fruit а membranous capsule: | 
tenuifalits)» An ài 
: several, 


[Амыр 

еа M m of Asphodel Pine s 
maj endin; ical, slender, erect, semi-teretes Й 
ead rin in a laxly race inflorescence Bra 
Ang With за, bisexual, hypogynous. anth o 
ae осла онаа costa, free OF slightly unit 
base en : stamens 6, shorter than the perianthi cem 
Pr Упса closing the ovary; anthers linear, V5 a уп 
“см: а тош, кату 3-сеШеб, Шү two ў 
sell ое capsule, broader i" diamete? 

Fa eed: albuminous. 

р.) 
traveller $ тее 
f 


ni]. 

M 2— Seitamineae (OV ' 

eie rarely woody and tree" 
а), undergrou? stem usua 


39 
ne 


T vil 
PART 
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ium cepa): 
Liliaceae. ric. 44. Onion (АШ сепсе 
Left, an onion plant; A, an d erse section 
B, a flower; C, ovary in end D, pistil 
showing axile placentation; 


5 stly 
у. Flowers: турошотрШ рис 
bracts often spathaceous. ie vary 
whorls, Androecium: Wero 
ing (see sub-families), Gynoecium: carpels (3), Rip ovule’ 
locular; placentation Eie pe 

a berry or capsule, Seeds: wit 

Sperm, sometimes wit umber ° 
into four sub-families, mainly depending on the n 
stamens, 


. ri chou 
CO arrea (150 sp). E ear. s spiral, rarely dist Caries 
sheathing but with no ligule. Perianth petaloid in t nd free 
—one with 5 limbs united and another solitary and, 
Stamens in 9 whorls, 


ri 
» 5 perfect and the 6th one ste 
absent. In Ravenala, 


АЗИН sd 
however, all the six stamen 
fertile, Floral formula— 4. 4 PG)nAs4G(,). 
Examples. Musa (35 s 
dessert fruit, 


e oF 


a 

PROS ау 

р.), e.g. banana (M. Le as 2 
plantain (M. sapientum)—green fruit 
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Vegetabl 
e, M. superba and M. nepalensis—ornamental fruits 


Dot edib] Б 
ble, M. textilis yielding commercial Manila hemp or 


Musaccac. 
ric. 45. 
Banana (Musa 
paradisiaca), 
A, spadix; 
B, a flower; 
Ga stamen; 
D, pistil; and 
E, ovary in transection 
showing axile placen- 
tation (section taken 
from a wild variety). 


© 


aba 

Ca, tre е А 
PADA traveller's tree (Ravenala madagascaricnsts В. PANTHA- 
иша ds fig. 1/85) 3 ornamental, bird of Paradise (5/76 

€, j- y 
ginae)—ornamental, etc 
, distichous, sheathing, 
in 2 whorls, 


(2) Zingi 
with йыга (700 sp.) Leaves b 
isti T i men 
inct ligule. Perianth of b seg Pija, Stamens in 


wl 
e Mir pu ] perfect 
ОЕ this terior one of the inner 
апер whorl are united t9 a “еп 
Wining [ees of the outer W E ^ "m © or absent. 
St i i Joid $ 
ah А c ah the tW? anther 10265. Floral. 
11, » a 
la— + $ КОСА: 00" MM 
er gingiber 0 icinale), 
(80 sp.» €B ging. cuma 
L mad ; butterfly 


nar), t 


Ex 

a 

wip Ples, Zingiber 
2 2 

ng d 4. Kaemp 


li enger (Z. casumu 
a (He, (C. aromatica), та 
AD Us P chium coronariu y, у, 

Дд Гейде ‚ кизт; P^ , 
(Etera Globba. (Prpifera EF a oe 
ч p cardamomum); Ато" 

» etc. 


turm 


1 
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Zingiberaceae 
Fic. 46. 
Butterfly lily 
(Hedychium 
coronarium). 
A, a branch witlr 
inflorescence; 
B, a flower; and 
C, ovary in 
transection 
showing axile 
placentation, 


(3). Cannaceae (40 Sp.). Leaves spiral and sheathing but 
with no ligule. 


Perianth in 2 whorls of 3 members €ac 
—the outer 3 (sepals) free and the inner 3 (petals) unitec- 
Stamens in 2 whorls—only 1 anther-lobe of 1 stamen (of the 
inner whorl) fertile, the other anther-lobe together with the 
filament becoming Petaloid; other stamens modified into 
petaloid staminodes, one of which forms the labellum 


PETALOID STYLE 


OVARY] B 


D 
Indi indi ; » 
wer (perianth and Son Shot (Canna indica), A, a branch; B, 


EE атіпойіа cut ош); C, ovary in transection 
owing axile Placentation; and D, a fruit. 


Cannaceac, FIG, 47. 
floy 
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SEL 
ECTED FAMILIES OF 
amples. O 
nly genus is Canna in tropical America. Indian 
arieties and hybrids is 


shot 

Roce AM indica) with many V 

rhizome is Se in Indian gardens, C. edulis—the starchy 

Vest Indies en as a vegetable or ground into flour in the 
stichous, sheathing, 


(4 
) Marantaceae (350 sp). Les" di 


and with ]; 
ith ligule. Floral characters like thos 
from allied families by the 


t is disti 

Nec E hed, however, 

the peti of a joint or swollen pulvinus at the JU 

D део aa ie blade. Jt насар tropical 
n family. Floral formula— * $ p, 4A160- 


Exam 
Ree Maranta (23 sp), 6 amo 
, some ornamental species are Maran 

dis, etc, Саш! (150 sp)— 

1 potato-like 


‚ zebri 
rina, M. bicolor, M. 1109 
‘gllouia—s™ : 
ndies, Clinogyné 


Sever. 

al : 

tubers Wap ornamental, 

dichotoma qs as а vegetable 10 e r jegatum 

s : тупіш 

Eine SITALPATI), and Phry 

Fax: 

mil, P 
M 3—Palmae (2,500 Р) ber. $ 
5 2 shrubs о nich is 2 climber. SI 
calamus) W ; formi 

r trees, ett, ae ec Leaves: usually forming 


Ereet 
» unbranched and woody, 
P "м. / ° 


А 
;4 

ric, 48. Floral diagrams of i n 
B female powt б 
2 ex palmately puto 
5): petiole 


Of ced 
met m palms) or Pit 
se ny Drees 
or qd petu novi ç more seating only persistent an 
fem 10—сіоца E ш оў о. serie + in sb me 
* flower. picem in 19 gamen ш 

. An : 


уп 
470 ^ CLASS-BOOK OF BOTANY PART 


- ments free or connate; anthers versatile, 2-celled, ©упоеерша SPa 

3, ous OT apocarpous; Ovary superior, 1- -1 , 1 
ir Eri peas a drupe or berry. Seed: albuminous, Flora 
formulae-Q F P343A543Go, and O9P,,,A,Gq, or з. 


Palms: palmyra-palm (Borassus flabellifer), таро р 

(Corypha umbraculifera) bears а huge inflorescence once only after a ene) 

40 years and then dies; oil-palm (Elaeis guineensis), doum-palm (Hyp ica) a 

i nching; double cotonut-palm (Lodoicea maldivi etc. 

*s Islands, bears the largest seed (see бр.1/158), ddy- 

Feather-palms: cane (Calamus about 375 5р.), Indian sago-palm or OUS 

; Coconut-palm (Cocos nucifera), date-palm ааг. 
sylvestris), betel-nut-pa sago-palm (Metroxylon 


Family 4—Craminege (10,000 Sp.) 
Habit: herbs, rarely woody, 
with distinct nodes an 

Leaves: simple, alternate, 
base which is split open on on 


sppeture called the ligule is present at the 
base of the leaf-blade, Ing 


The flower remains enclosed by ш 
lemma and the palea. Flowers: usually bisexual, sometim 


Carpels (3), often reduced to 2 
Ovary superior, 1-сеПеа, With 1 ovule; styles usually ae 
stigmas feathery. Fruit: Caryopsis.. Seed: albumino 
Floral formula—P aia, @ or mAs org Gi. 
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Е B ^ 
Tom an economic standpoint Gramineae is regarded as 
nd millets, which con- 


as Most important family, as cereals a 
ute the chief food of mankind, belong [0 this family. 
a of the fodder crops which are equally important to 
of TE animals also belong to this family. The importance 
оправ, thatch grass and reed as 
cane ing materials, and of 50827 
is Sl a source of sugar and jaggery 
ENS known. The importance © 

! grass and bamboo as 4 source 

a - 
empha bra pulp cannot be over 
pentes. Useful plants: cereals 
Whe as rice (Oryza sativa; fig. 50) 
"VPN t (Triticum aestivum), maize ОГ 
pa corn (Zea mays; 18: 3), 
ets a арешт vulgare) een 229 Y 

i rg jagran! 

rages as great milie, OP n. ne Н 


setum | J i 
_ tpphoide p. & B. dia n 
Eleusine conta $ & H MARUA), £77 Dm guinea grass 
Tum Officina na ( ju Per igneum) Бо (Phrag- 
М T В ў 
ит), tha! (Bambus) Я cd apogon) 
g H. xus HUS) 


(Pa S (S. 
nicum  maxicum), bamboo 
sa 
Oi grass (Ischaemum), € E. 


Mites) а : do lemo 
5), giant reed (Arun i) peri (В. 


E» 


Chew 
eate „ric. 50. Rice 07а s 
tote ПЕ leaves and ligules; © i 1 
5 . р, SP боне P. 

abeat 0001 
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{ dog grass 
etc.; other common plants: various grasses such pues 
(Cynodon dáctylon; B. DURBA-GHAS; Н, DOOE), 


Hiatal several 
(Chrysopogon aciculatus), Imperata cylindrica, 
species of Panicum, etc. 


ription of Maize Plant 
Miner КОШ cultivated during t 


male spikelets 
Spadix remains enclosed 


" Upper fertile (1 
membranous, broad and empty; 
aline and enclose a 


Gramineae, FIG. 5], Maize 
Toots; B, female Spadix in 
cob; Е, a Panicle of m 


Or In 
the axil 

ale spikelets 
G, a male spikelet di ed 


titioUs 
dian corn (Zea mays). 4, ic ripe 
of a leaf; C, female Spiele ie a 
; F, two pairs of male yi econd 
"LG I, first empty glume; G . p, pale? 
empty glume; pi, Palea of the lower flower; FG flowering glume; т flower: 
9 the upper flower; Z, lodicules: ana 5, three stamens of the uppe! 


ad ix 
ut in a tuft from the оро. ME Uy 
in is a “aryopsis. It is albuminous with distinct broug” 
"re anemophilous, i.e, pollination ale spadix 
Y wind (see fig. 1/138) and after fertilization the fema 
develops into the maize cob, 
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CHART 
Evol ER 1 Organic Evolution 
alan 
animal fr n means the descent of 2 000 
finally iu the pre-existing one. Biologists hav 
€poch-maki to believe in the doctrine of evolution 
Opposed ing deductions of 2 
the the to that of creation elieved earlier, par 
higher (А sophists. It is now universally accept 
—have nd more complex forms of life pln" an 

minute eod from lower and simple ER the 
Proved Msc like bacteria are not | ewly E 
the Scie y Louis Pasteur, à French scientist aU Т 
шо а ў ce of Bacteriology, in 2 year 1864. Опсе 1 
Changi istence it has bec? continuous» prog" | x 
rise ging through successive generations Eu ү g 
man o the present forms of plan? and animals t y 
n^ millions of years; ation is Proce d ш ү ps 

be mi to geologists and 45 28 jtm ^ e 
m .550 years old. į the int ) 
poten mass at A excessively high t erature. С 
ife earth cooled, and there was 5 ontaneous Bein ala 
аам and exactly when We are not іп а Ро Di 

life any amount of certainty: ord ing ced RU 
seems to be already same Я Pn algae and primi- 
‘nated much earlier 


form ot plant or 
e been 
by the 

as 


milli 
iion years ago in the for m 
po Invertebrates. Life must ve origina "in an yd 
si Ssibly more than ^ million years 280) q1 асое 8 
neg form. A very i? ortant recen ues g en Ша) 
that nucleic acid is the ‘pasis’ of i qut cid ut 
assumed that organi molecu’ 31 < nditions P 
in physi ol Jecules acquire 
quatic 


Pear 
va d first under certain P comple 
E E then and some 0 the a Fa the form f аа 
заса of life: рор om this stage e 
Tia, E А тосеё 0 en algae 
ac ding to pus p. ^ Mur events of I 
К s 
he basis of furtht? den ed the course 0 
етеп 


far] 
Y age which ha 
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" es 
evolution of plants and animals through the P 
to the present day may be specially noted: (a) en algae 
ment of the green pigment chlorophyll in dg dee other 
and green algae at a’ very early stage, and later in ? 


ем 
» evidently adapting themselves to the n 


Evidences of Organic Evolution 


: ts 
l. Geological Evidence, The remains of ancient Prosi 
' and animals Preserved in rocks are Called fossils. A 
(fossilis, dug out) is thus 


eas the 
» and their distribution over 
earth. It is remarkable that th 


© the firm belief that “biel 
between the Plants or the animals w In 
арреагей through the Successive periods of the earth. Ae 
fact, from fossil Tecords it has been possible to trace nts 
origin and the trend o €volution of severa] groups of pla s. 
and animals from the Simpler to the more complex ae i 
Fossils thus bear sound evidence of organic evolution. his 
sils are, therefore, of Special interest and importance in ie 
respect. They, however, show several wide gaps in the evo 
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tionar 

= nary hi 

sing J; Stor 

g links me юг plants and animals. Because of the mi 
gin of several groups has still seminal 


à mystery, 


n Successive Geological Ages. 


Possi 
ible Ori 
rigi 
Cenozoic aces Evolution of Plants # 
о! : i 
ds а angiosperm, Age (beginning, 65 million years ago). This is th 
tation rm na (d this age angiosp ‚ increased іп ans 
surface tlie Сепо all over the earth, forming the dominant vege- 
of a ES resulted. in ae advanced, rapid cooling an drying of the earth's 
pies variety of e destruction of many woody forms and evolution 
ing their domi new herbaceous forms (annuals and perennials) re- 
r dominance at the present time. 
995 million yea™ ago). 


Mes 
‚ tesozoi 
age of па Age (begi nning 
foray nom вузлова with abundant ™ 
Specie. the domi gymnosperms appeared in four distin 
inue: of this a inant vegetation of UE . Most 0 
Phytes up to deb soon disappeared, while cycads and conifers have con- 
appeared e present day in uced numbers. several new i 
in herbaceous forms, and some of them at Jeast are in 
i js the first appearance i 
were mostly tees 


existe: 
зр псе n 
ае, (бек fae great event ot this age i$ 
it and кену, БЫ not known ye). The 
ig forests. 

million ars 280). The lower 
per palacozoic wa! 
і gymno- 


Pal 
ра аеогої 
Palaeozoic was the "age o (bcginn 
8 age the 'age of al е', 
i quor Primitive pieridophyies wi 
true A ve e early period o Pais age ERAN i 
top, land 2 important event of this period jg the frst ар d 
bu ether x ant——Psilophyton, ® small up rootless and leafless plant, 
babe ats a few a allied ones. pad the? a worldwide distri- 
Оо the am posibiy originated and were PU?" 
(Ms maine KT of sever: ups 0 
Bis, million: n appeared for the Ps time. 
ET "nt horse s of years ago) 9 is age giant jycopod' n. 
Wa лали in height), gia” ferns ia 
Coa dominas group of Se M earing ferns m pem 
аре, ERES and produced puge fO Later r5 т 
ard, 5" In the late Pala pubic these 
ion ye% 250). poubiful fossils of bac 
idence of jiving 


Py 
ot, 
teri erozoi 
ia, fungi, (Бейш 2, 
, blue-green a e and green P 
million Y g0): горар! 
ife quit m 


A 

Teh, 

on ieozoi, 

"Banisms p (beginning 5.000 
ut existence of uni 


2 
a T, 
eer Evidence 
atked с М6 classify lants 2 
J E ou 
о d groups, the member: E. each gr ks 
Titi mor 23017 
sid, ties į e closely: It is? reco 
©з, it п forms withou paving 
is seen that bet 


ar ge 
nus there 2° 
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Я À à : А е 
species (intergrading Species). If species were constant th 

occurrence of such forms could not be accounted for. 


3. Morphological and Anatomical Evidence. Similarities 


: € ay © їп 
in morphological and anatomical characters among certa 
groups of plants, and a 


2 » and lend support to the theory of ev 
lution. 


4. Embryological Evidence, The study of the nature i 
development of the € 


t mbryo shows a great resemblan 
among ce f plants and of animals. For examp se 
edons (in general) look alike; EE. 
alike. Similar is the case with ОЁ 
groups of plants and animals, The striking resemblance? 
in structure and development of the embryos in them @ 
the basis of evolution, i.e. descent ° 


ant 
from 


A Е h 

lings sometimes show t А 
the seedlin rec ants Which may Е their ancestors. Te 
pound ун li Australian Acacia shows bipinnate CO It 
Australian 4 ike other Species of Acacia, although ар. 
(phyllode) WR has only the winged petiole or OE 
passes through n the compound leaf. Likewise the ^ 


t i n ^ 
Supposed to be is anle sage resembling a fish whic? 


> en 
Seen that man n. Geographical Distribution. It has a 
remain confined ta” *pecies of plants in their wild 7 і 

а parti abes 
that they sprang up [э icular area, The explan: 


: 10 
?" а common ancestor in that Teg 
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and c 
could 
mou not mi 
could note i 
Es my wing 10 $ arri 
Be Hm" Wee decis iu pom Mis 
Ra picea) ori | шг 
x veu ) origina oib 
S ini the 2 a Madagascar, Eucalyptus i 
шка (Euphorbi aoe of tropical d SUO 
m EE Д x the deserts of Africa etc. oft 
H T ; 
species E т. showing there B ues 
ус 
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M 
ech 
anism 
b ааа ess Evolution 
clongi . Variati : 
clongin riation is the i 
differen g even to in y» rule in nature. No two fornis, 
tions ces БЕСИ e species, are exactly alike. The 
nu ате the Баш them are spoken о variations. i 
m. take place А a which evolution W xs. Variations 
ti ; and ne or more OY i 
tion zm | these E As of plants and ant 
a p. 478) TES in environm t. This. is Lar 
Slo nment is "i type of variation influence y en- 
dn but Жл, however; elieved 10 be ir herited. (b) 
hi CURTIS i nuous variation from enera ion to genera 
г m, is the s Dar: view (5 р: ) 
TEM a conti asis of organi In this type € 
ee or gra ation i5 a 
of a species and betwee Шей species: 
tation- This means c 
i dividuals of a 


sh 

ar 

specie variation sho 

и any one E 

ns ; г 

s р. 489 as in the previous case: is 

ere is ). As mutation occurs sudden] and 5] neous) 

В Tocess " knowing W he new A appett b this 

сога here аге, wevet, man cases of mul 
: 15510" of characte 

ir ffsprin 


Here А 
dity. Heredity means t 
Г to the! : 
_ species of plat 
o 0 


and 

марца of parent 

reprodu trom the. fact that à 
Ithou an gives rise ¢ e same spec 
е ы no two forms е exac y alike 
зо ee resem lance t° Шет ancest?, 
ivid ésemble one 210 Josely with: of course in- 
» ual difference? ereditY the individuals 
S è t a L^ de 
pecies within єсїйс НЛ 


/ 
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separate them. Variatio; 
tion, while heredity is 


s is the 
Chromosome Mechanism in Heredity, The question arises: ge 
physical basis of heredity or, in Other words, the mechanism ТЕЗ it be- 
ance of parental characters by the offspring? About the year the male 
came known, primarily due to the work of Strasburger, that directly 
gamete of the pollen-tube and the egg-cell of the embryo-sac SET Stras- 
production, About the same 768 
burger and Hertwig revealeq the it i 


; u- 
n no doubt is responsible for evol 
a check on uncontrolled variation. 


е 
‘some; but it may be safely звати 
that something a Presenting that particular character must be prese 
it. That ‘something’, o ure though 
miner or gene for that 


eter- 
it is, is called the factor or d 


; it o 
Taclér. A gene is a material un 
the chromosome (DN 


; for 
N е 
тог › а Small length of it—responsibl unit 
transmission of а given unit. character Or a group of characters as a 
from the Parent to th i 


r 
x rio 
*ne is thus a hereditary pd 
» and each chromosome has тһе 
ип genes (several hundreds Or'thousands) in its body reed 
Benes divide, and a ng from repeated mitotic oe er 
have identical t 1516 Chemical basis of inheritance, or in DNA 
Words, the chemical Composition of Benes, is the nucleic acid, mostly mo- 
Or sometimes RNA asi viruses, The theory of genes in the сиы 
first Module by Morgan in 1926. According to ш heredi 
leagues the chromosomes are the bearers o he 
t 

tary characters, and the Benes located ip them are responsible for a ring 
Characteristics e 5 and their transmission to the ОБР 
: ег generation. Genes are thought to be ultra-micro: ies 
Particles occurring in Pairs (one 


rie 
in linear 5° 

I aterna 1) in linear ^. 
in the chromosomes. The Беата рагоз eee x 
lers is, h 


к па! 
complic. of Benes in transmission ot d 
i i SEA plicated, nother ‘important fact to 0° 
in dud aec that all Bametes always sw haploid (or es n) 
а use in the TM * diplon 

number is Testored in the zygote 00 c то оаа 


п-+п0п, 
of Organic Evolution 
Lamarck’, Theory; 


Theories 


ctors, vi 1 
ment, (b) use and dis, 7 (2) in 


fluence of the En ud 

à Н itan 
acquired Characters, ide Alle qus de ES “environ 
the Principal Part in the evolution ot iv 
noted many instances of plants where ind o" 
itions Species grown under different envi" m. 
Wed markeq differences between the 
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Fr 

теа. ГУ с observations, Lamarck held the view that plants 
lative ЕЕ conditions, and that as 2 result of cumu- 
Successiv сс produced by the changed conditions through. 
In the e generations new species make their appearance. 
the use case of animals the changes ught about by 
parts and disuse of parts. The use 

results in the developmen 


Use or w; t of 
Parts, Pur of exercisé results 1P the 
acqui К believed that new characters how ae 
cw in each generation are preserved n А 
е offspring (i i f acquired € racters). 

| inheritance 0 acq! 3 
Euh T is that of the 8! 


Classi 
Ц . . n 
с example cited in this connection 15 
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am р e 
mal arck’s view was that horse-like 2] C ad 
ie E living in the arid region int interior O° f Pn 
str eed on the leaves of tree They bad id i а 
PETS their limbs to reach UP to the leave ana the 
rcise resulted in the Jengthening of t À л 
f anima de its арр 
x open tO 


fro; 
n 
TM legs, and thus а new type Of 277 heory 15 p 
cer „from a_horse-like ancestor s rations due (0 
{єн objections: one 9 jection 15 os 
ci influence of the environment are ve Y ence of acque 
eb another objection is that the inher! ‘ 
а: 
S e: has not yet been 
ih In fact, if seeds 416 
ali back to the original 
the tat even after many yeats 
ori „Plants return to their 
Binal form. 


Bio 
маз a phy of Lamarck. 182 
hara eee ge шап, He worked 
remy hroughout his life РН always 
eagined poor. After his father's 
Lamarck joined the French 
With in the Seven Years’ War 
lon git Germans. while at 197 
taste REDE the war he dev 
the E the study of Bowel pari 
Now Ae he joined а ban in paris- 
Tite of € seriously took to his favo; 
Study, of flowers and 500! pare) G 1g), Ff 
i cd Flora, He left % um ze 
Med "in. Cs Ыз дш i propor” „ошо! © 
‘Un; oland, Ge 
he bent: On his retur? t0 ‘hota 
came known as à famous 
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nist, He used to 


tically, and contribu 
then in preparation 
ence was officiall 
Zoology at the Museum of N 


became a full-fledged biologist. 
@ species was not constant 
ment and gave rise to new 


that 
"vironi 
theory of evoluti 


theory, called 


three important factors: 


and a consequ 
their inherita: 


among them-b 


fall far Short of the 


resulting in th 

Variations a 
no two indi 
Stalk, 


these minute 
the offspring, 


assigned by him 


; 3 5 al 

1 eir Inheritance, It is known to а - 
viduals, eyen coming out of the same P? 
are exactly alik 
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» Owing to heavy strain A pi 
blind for the last ten years of his life, Т 


Selection. His theory, based on а 


n the doctrine of eye te 
) of natural selection, is ba 


ent struggle 
nce, and (c 
vival of the fittest), 


Е "Ariations 
for existence, (b) variatio 


the 
specics, Thus he propounded 


Lam of acquired characters in py A 
1816 and 1822 arck wrote his important work Natural His 


E А A : stu 
ations, intensive and extensive 


whole 
5 for over:20 years, led ne His 


ing 
(2) over-production of offspt 


re Tat ae ura 
) elimination of unfavo 


t 
3 " imes ег 
write on a Variety of science subjects, Sencyclopaedias, 
ted several articles to the French P LER 
- After the French Revolution (1789) 


s eyes 
t 100 


dies 


on 


an 
ple 


Existence, Jf all the seeds of any partim 
germinate and all scedlings to grow UP 4 py 
у 


2 a few years. [f other plants (and 


ti 
crease at this rate, a keen COH pe 
ggle for existence, 


2 wt 
ecause Supply of food, water and space 


demand, A struggle would soon. € 


€ destruction of huge numbers of indivi 


nd th 


iat 
€. There are always some Macon 
may be, from one individual 


à P of 
ile 216 suited to the conditions 
> While ot 


= а: 
hers аге not. According to D 


itte 
DS are preserved and таз 
although no cause for these variation 


Variatio; 


о 
would be set ир at 


tion: 
nce 


oul 


nsuer 
duals. 
t 


ren 
jon? 
ano 
e 
in 


to 
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Survi ORGANI 
BESS sri, tval of t ; 

vidividuals Hee Fittest. In the struggle for existence the 
ae Е: Е variations in the right direction sur- 
à ers with unf ariations are transmitted to the offspring; 
d Called. by ue variations perish. 

adually and im ‘survival of the fittest’ The survivors 
steadily change eration to ano- 
w form: 


th 

er, and ultim c from one ge” 
ately give rise (0 ne s, These new 

he surrounding conditions. 


orms 
M Natural зене adapted to t 
ions of ка agi Darwin's observations 00 e varia- 
ma clue to estic animals and cultivated pla served him 
is expla ше elucidation of his theory of natural selection: 
nation of natural selection і this: 

Ў e know, 


Plants 5 
no two Pup at an enormous Tat 
rally show ividuals are exactly alike the new 
or advant: certain variations. 90 e variations 2 ra 
ageous so far as their а ptation to the conditions 
d others are not 50. 
a keen 


of 
the 
R e Y Дд 
wing рооза. is concerned, ап. 
Struggle f an excessive numve owding togeth 
Bat havent existence ensues: nd in 
tied, n favourable variations and are, therefore, Der 
Vival of aturally survive; the rest perish Й rough this su 
servation ar pint the species (d irs 
MIN 1551 i variatio. 
< Y give ri transmission of minute V "Hed and ces 
Natural selec to newer forms. arwin called on It ds 
е en ‚ selection’ from ana ogy t° artificia ]ectioP. Y 
and eee ae that selects and preserves the pue m 
сеу €stroys the ‘able forms: Although a 
es th unsuita MEE out the final accept 
ance of + fullest credit for pringing 229 рвоту Ë "s 
the doctrine 9 evolution 
jal delight 
e 


Certaj 
Ttain doubts 
үп used 10 te 
i ol й 
ing pabits ошый 


Bi 
Sio 
in Graph: 
hy of Darwin. As a mer 
insects 20 
school. 
church- ut ^. 4 
uralists. He | 
a 


со 
Was llecting birds’ eggs, ЇП%© 
1 { at 
qe ore enteri” Cambri ge 
$, 


to s 
th. © 
ite Su 5 minister 
deg, t EL stay there he Us 
hatte. ti een beetle-hunter and capt). life 
t Urali urning point in arwin's whole, м$ eagles" ; 
he shove on board літа vessel. BMS: op survey (1831-50) i 
South 0865 of E ard thé dmir? Y r voyage of im value t0 
Dar: Atlanti ngland on 2 long B і as f ani лајв (97 
uding ERE and Pacific ng: i d 
Wing dito th hole 
i g e who 
kin, obser sea-animals) ?". r 
dianae conson strange девей Fords 
birds, huge tortoise" Јаве 


RQ): 
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certain parts of South Amer 


ica, New Zealand and Australia, opened a пен 
avenue of study for Darwin 


+ The Beagle returned to England late in 18% 
via the Cape of Good Нор 
with Darwin's shipload ed 
specimens, Darwin now 5© tific 
down to write a long SECUS 
report in five volumes es 
took him about twenty U- 
to complete, His intensive = 
for this prolonged регі 
keen observations on d Teo 
animals and cultivated P 
his wide study of all ГОР j 
scientific papers publish v king 
then, and his clear thi шге 
finally led him to form put 
thë theory of evolution eile 
unfortunately for Da zn 
he was giving final an 3 
crete shape to his EEN 
evolution by natural ae 
he received an essay б 


omestic 


ex 
n 

619: 2. Charles Darwin (1809-1889) young naturalist,~rather өзе 
famous English biologist and founder plorer, Alfred Russel indepe™ 
of the theory of evolution in 1859, (1828-1918) working ау 

i dently far away in i 
tallied aloa гый was struck by the ideas eni in that essay, Wini 
OSt Wor Е c 
a priority a joie un Nod With his own, Without any of them C^ ger 


PUT as 
owever, recognized Darwin's superiority 1859, 


Мр о him. The following year, у 
many years of hard labour and qnd Боо ys ed ^ tremendous ш 
| uS Puer With bitter attack from a s Theory 
ot gyed, and Darwin came to be fecognised is ond of the 
the 
ту: Mutation, Another theory to explain p 
advanced by a Dutch Bo e. 
L3. He held that small varia 
as most important from the л - 
type. These variation, D. Ареа anions round ithe) а, й 
that large variati ons are Dot inheritable. De Vrie ouslY 
Tice a 1005 арреагіпр suddenly and spontane olu” 
s Ойзргїпр 1n Опе generation are the cause of €Y“ pje 
Vries called ‘mutations’. na) 
Primrose (Oenothera lamarckii пф. 
om America, growing in a field in Hol m 
TOUS plants he found two types quite di 
t. These new types had not been desc? 


€ Vries’ The 
evo. 


О: 
lution Was 


€ res 
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е, а : 
Specie. nd ha 
Pecies. Oeno i ing -bred true he regarded them as distinct 
era lamarckiana and the new species Were 
m, and cultivated threugh 
nds of 


Temoy, f 
many on to his garden at Amsterda 
seedling nerations. It was found t 
eth а 
om the at were different 
Taised rest. These when 
Benerati generation after 
true t on always came 
orms type. These new 
tants, Hr known as mu- 
his m e „concluded that 
no. anon theory ex 
ution the cause of evo- 
agteed "gs De Vries 
egardin ith Darwin's view 
Weedin g natural selection 
orms E out unsuitable 
that ‘ar held the view 
ormed W species are not 
Y the dos Darwin said, 
uous va м process of conti- 
rlations. ; 


iog 
Wurzburg” of De Vries. 
sterg © Later he became à 
ot ip, he 
feld 01Р, «id 


hat among thousa 


rdam 
Some ne, Once, while on 4 
ew forms growing 


la 
march: 

Hi TCkian = + 
M exper: "This attracted him (0 цу 0n 
mental methods of work, SP бау агу, au ions 

+e Jaws 0 I а variatio " 
$ disconl! uos. nct ОШ parwin's 
cause Of 


edi 
of g ОҮегу in 1900 of Mendel 
den an 
sudde 901-8): a plains, history dE 
the hi 


caps th 
ll, eory of evolution y 0ш theory (1 T 
selection” > 
оп to 


е 
5 mutati 
NY T ene His mutatio Т га! 
uti tinuous variations ri "m 
Vo lon, a A atest ont ета іп it 
hat tion, MH regarded 35 rr Eo 500) enol yn works Alter 
hip itat, AE also went to erica ier of his hetra crimental garden 
Seton ieee re (1907) i5 * г plished ^y рп пен fo 
ment from the Universi) he CP wor той! 
crimen 
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at Hi 

thr. Vers 

trough um and continued P 
many generations O 
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on his scientific investigations on hybridization of pans 
The results of his eight years’ breeding experiments 1865, 
геад before the Natural History Society of Bruna n 
and in the following year these were published in the ticed 
actions of that Society. But his work remained unno! pe 
until 1900, when three distinguished botanists, Hugo in 
Vries in Holland, Tschermak in Austria and Comer 
Germany, discovered its significance. Since then Meee 
work has formed the basis of the study of genetics. Me al 
died in 1884 before he could see his work accepted 
appreciated, 

Mendel’s Experiments, Mendel selected for his wor т 
D the pea he found a numbe ts 
flowers purple, red or white; P d 


ait 

: г monohybiid cross only one Р 
of contrasting characters y 
time. Mendel selec 


е - This generation, known 
first filial generation or: F, Senes id, was inbred. io 
Я sown next year. They gave тае аге) 
ШС: lon of talls and dwarfs (but no interm fourt? 
ark S of 3; l, ie, three-fourths talls and one ene 
ration o 5 generation is known as the second filial Be n 
Bred RE a Beneration, Al] dwarfs of the F, genet? e 
quent sa proc ucing dwarfs only, in the third and ju 
each Fy а eeds were collected separately E 
ep T Plant and sown separately. It was seen that ^ 
thirds арай 1218 bred true to type, while the othef е P 

;. Бап split Up in the same ratio of 3:1. alf 
2:1, ie. one-fourth pure talls, 
fourth pure whites, 


on 
ne 
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epresented as 
SS, and t the 


GENETICS 


Th 
follow; "рне scheme. of inheritance may ber 
‚ Here T represents the factor for tallne 


factor for dwarfness 


MEN Я 
DEL'S MONOHYBRID RATIO 


Parents Tru 
Р TAN 
arental gametes Мру 
Е, generation x 
VC VE 3 
"чем T (male) t T (female! t 
x 
ERWE ——— 
Т tt 
T T | ‘i 
Y 
BRUT Ж у 
P oS тт“ tt 


цени Laws of Inheritance. П 
lated ments on carefully selected GE em а на 
as follows laws to explain the ihe’ 
T Il characters 
of alm of Unit Characters: This means (а, e 
9ne € plant are units by chemselVe* c There 
© er so far as their inheritance i T 
ch, *rtain factors or determine" now C P these € 
сег, which control t е ex ression À 
ng the development of the Jants- i sated 
аге. Гёз of Dominance: Е character “Secor in pair 
(ary. Controlled by factors or genes: mo 05018 ‘now 
know gd in a der fashion i dei ines SEP? 
]n К 
Tat, WD) and "ble for tal on of t 
z ч з fac s. ау mask Шш ех viduals ar tall, the 
Us i ctor may. il ae in ; 
the n the F, generatio” d The ub 
Tc 1 8 ERG Ш pres „а to be dU ion 
a haracter remain g 1 Prion is sald F generation 
ang 7356s itself in the Fi Ё жй peat Í i 
oe 


18 the c | 
; Sai haracter that € of for t p | 
» s to be recessive. THC é icta i 


Wever, always P" 


уш 
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gw 


above experiment tall 
the suppressed dwarf, 
contrasting pairs of ch 
tallness and dwarfnes 


ness is the dominant character and 
ness is the recessive character. T 
aracters are called allelomorphs. Т 

s are allelomorphs. 


tin| 
3. Law of Segregation. The factors for the ot 
characters remain associated in pairs in the somatic ce 


each plant throughout its whole life. Later in its life-history 


. = tive 
TImented on other pairs of elena 
characters, and he found that in every case the chan 


С moot 
ower; yellow seed Over green seed; and s 
seed over wrinkled еей, 


m 
For the dihybrid cross two pairs of c^ 
are taken j 


NES, 
n into consideration at o 
à tall plant with red flowers and a fore: 
© Powers Four unit characters are, n or 
ri n 5 fs for ta in 
dwarfness and req ove or whic are independently i 
wee and May be Considered to be located in CP oil 
a ome pairs. Artificial crossing was brought / divi 
een these two plants, In the F, generation all in! ant 
With req flowers; for tallness is domin 
' апа coloy 
eeds fro, e F, generation were grow ons 
. Tacters showing all possible combina nite 
Place in the following Proportions: 9 red talls, 3 ү i 
the dihybriq ratio. and 1 white dwarf. Thus 9: 3:3: 


20) 
208.4 Bn 1,9 10. 18 are tall-red 8 
№ WM аар коа tall-white — 73 
Nos, Tu BA <+. dwarf-red Fi 


AS dwarf-white 
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Nos. 1, 6, П and 16 are 
milar gametes), breeding 
ous (ie. they have two 
he next generation. 


It wi 
СААД further be noticed that 
‘true; р (i.e. they have two si 
Issimilar e the rest are heterozyé' 
gametes), segregating in't 


tall-red 
5 2 


М 
O06 (ТєТг).. А 


16! (ст)... 1.1. DE E 
'ENDEL'S DIHYBRID RATIO о Ta 


EE. ee. тиш шг 
tal Y Y 
gametes TR tr 


жа 


—— 
шт 

(диэт. wbite) 
(16) 


e sill 2 

hi Т F to the 
idel dev? ;culturist. ‚ oon 

| horti од stodent. 2j became i 


Bra 
ace Phy of Mendel. МПС ful 
У. His father, а success” qo] was а B^ ing Fee 
his ing of fruit , Ме елі from a fal 
father met with 2” C 


\ 


уш 
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valid, Mendel had to Struggle hard for want 
School in 1840 at the 


Sophy, and at the advice of Prof. Franz 
of Brunn, Mendel entered the Monas- 
tery at Brunn, and lived there, with a 
short break, for about 41 years till his 
death in 1884, While at Brunn he took 


as unsuccessful 
Monastery 


School just then о} 
Science teacher, 


lel 
Mend 
p r Jobann г 
Period of 1856. КОЕЛА monk, biolo- 
5 4WS Of here. gist andi famous geneticist ү, 
called fant, Put gene. established the laws of inher 
ance of characters in 1 
sound Scientific basi d 
{read text). In 1864 Menda me ibo Arf of the Monastery.. He © 
taro, heavy Official duti Hue his own scent. 
eke EE became rich and was very pon ronds, He never {0:80 
Dt sister and was fond of his nephews, 


reeding h 
dod : The subject of plant breeding, althou£ 


. і і e 
Mendels ду 1060 times on modern scientific lines af 
endel’s discoveries, was 


Syrians, ү, 


i tained in the form of new var ieg 
E ion endel who first laid the foundations of ae 
Helene a scientific basis and formulated the laws wt 2 
ant breeding consists in produe ut 
a cial pollination Враги di or 
15 Of two different s cies, varieties б 
ANA Me mu 15 Process, also called RS or hybrid? 
tain desired no Possible to combine in the offspring rac 
5 Characters of both the parents. In actual 22 ^ 
8 of a flower (bisexual) are removed b 
; Mature, While the flower with the gynoec! E 
overed with а Paper or muslin bag to prevê 
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Enn) pollination. When the stigma of this lower matures, 
Offsprin om another selected parent is applied to 1t. The 
еды resulting from such a cross are new types 
orms i een are often more vigorous than the parent 
cron his phenomenon is spoken of as 
manifold The economic importance of 
achieved and almost unlimited, and already m 
ing their | various agricultural and industria, Tdi 
Pp. 4999) S quality and other use 


PART IX ECONOMIC BOTANY 


CHAPTER ] 


d 
With the various uses of plants Hbi 
plant products as applied to the wellbeing of mankind. 


Uses of plants are varied, and, med 
rovement is immense to meet a aii 

he primary needs of manking the 
of course, food, clothing and shelter; which, originally 
gifts of nature, were sub 


mp 


Methods of Improvement, 


The methods commonly elds 
ployed for the Improvement of crops in terms of уч уса 
quality, etc., are (1) selection, (2) breeding, (3) MEUSE a 
methods of cultivation, (4) use of adequate ie ш 
chemical fertilizers and manures, (5) selection and "ulat 
‘quality’ seeds, (6) judicious selection of crops for a рн {оп 
area, (7) double or even triple Croppings, (8) Ноа іп: 
against diseases and Pests by application of fungicide: suit 
secticides, and Pesticides, anq (9) proper irrigation by $ 
able methods, 


Selection Consists of Pickin 
a fiel TOP in respect of 
characters, and Collecting t 
Sowing. Second and third 


’ ng 
8 Out the best individuals Tone 
One or more desired P QR 
he seeds from them for the ame 

selections are made in the rials, 
Way. Finally the Promising ones are used for field t Fee 
always keeping the fst and rejecting the rest. БУ eon 
method an advancement of quality and quantity has tton 
achieved in India in a number of Crops, e.g. rice, CO 
Sorghum 


ine 
У eusi” 
(JUAR or CHOLAM), Pennisetum (BAJRA), El 
(Васі), etc. 


à ) айт сет- 
Plant Breeding Consists in combining into the ЫЕ 
tan desirable characters met with in two ра P arie 
Plants belonging to two different but allied species, or 
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importance of thi even genera (see P- 488). The economic 
de direction x 5 method is immense, and achievements in 
‘garding theif various agricultural and industrial crops 
e already b yield, quality and other useful characters 

y been considerable. Thus; 

otato—all high-yielding 


typ 

es of 

; w à 

and q heat, maize, tomato and P 


Wheat 
x E 
lymus), and of barley (barley X 
dia also а consi- 


the 

d out : д 

€rable EE achievements. In In 
unt of work has been done 


desi 
Stred ч 
results i 
ts in many cases. Thus improvec $ 
oilseeds, cotton, 


eat ч 
t (mi М 
be acco, es maize, sugarcane, pulses, 
d , flax, hemp, etc» combining higher yield, 
sts and diseases, have 


er 

quali d 

feet „Кү y and resistance (0 P^ 

a by cross-breeding selected varieties. The results 
Thus sev 


ve b 
Strat cen 
trains of ird in some Cases. 
ice have been evolved in different Г 
GEB 24, Pusa 


К tates F 
eas Se some new hybrids of rice, ев. CP 
Ro Соок igh-yielding, early-maturing dis ase resistant and 
esearch Taran been evolved y the ndian А jcultural 

MProved nstitute by cross-breeding selected. 216 
NEW Sit a of. wheat have een similarly produced. 
eat, New Pusa 4 (oF P 4), evolve! IARI 

: 1936 after the great Bihar 
i any times 


Usa (sh: 
earthen to New Delhi in t 
Пё in 1984) was awarded the first prize x 
таппа] Exhibitions eld in America: Australia 
Evolve; ica. Recently some new train wheat have been 
V Indi by this Institute (0 5 зе different climatic 16810" 
Bene rides me millets and aize (see PP: 494-95) have 
Varie evolved, which yield of, more than the common 
а x 5. A recent de о! 115100 ist production 
соаг tomato ith nigh vita Lg Ab 
Ameri by crossing a cultivated V2 jety with а ш, s 
. "can variety. New types of 50 cane 
d famo They are 
growt 


oimh: 
No atore h 
К а есотё 
ang Widely vedi E contributing О ; 
а eXpansi grown, materia” +4, There is still 
M Ge nsion of the suga" m ES 
“dustry ope for improvee™ of sev 
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' CHAPTER 2 Economic Plants 


z uses. 
Economic plants are numerous and have a eren oe 25d 
Many of them occur in nature, particularly a for: fond 
forests, while а good number of them are cultivat 


ils 
Pulses, vegetables, vegetable oux 
and fruits, It may be Noted that India is the largest pr 


out 
"mankind, and in India they occupy ар 

60%, of the tora] area Under cultivation, Her total million 
yield of food Brains has now increased to about 125.6 m 


3 irec- 
Of the steps taken in the following dir 
tions: improved Method of i 


se 

cultivation and inge e 

P- 235), cultivation of some pi. ^ 

and short-duratj letieg (the latter particularly in sive 
t for proper irrigation, inte 


‘ze, ати 
are rice, wheat and Hs or 
are Eleusine (Raci), Sorghum (J 
CHOLAM) and Pennisetum (BAJRA). 


in 
sativa) is the major Mich 
| Sto] illion hectares, 
15 the World's jg; Че eee Stal 


est ri 1 yield has no 
Kone up ito Bag е tonnes. Tice is the staple ne 
П tropiéa] Asia, and feeds over 60% of dia 
World's Population. Rice has been in cultivation in ma 
and China from time immemorial, There are several th е). 
od Varieties of Tice may be about 4,000 in India о 
Ce is widely Cultivated in India except in north-W 
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India w 

under еец is the main crop. The plant thrives 

rainfall or ns of moderately high temperature, plenty 

troduction Ботина and heavy manuring. With: the 

disease-resistant some new varieties of rice—high-yielding, 

on and breed; early-maturing evolved in India by selec- 
eding the average yield of rice has now gone 


Up to ] 
Hi 
Under EE per hectare per year (of cours 
apanese method of cultivation and 
3,117 kg. in Egypt. 3,406 kg. 
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ghest vi 
double ne of 1,974 kg. per hectare There is usually a 
and wint even triple croppings 9 ddy in India (summer 
er). The latter (AMAN) is far better than the former 
ity. e special varieties 


cea, 
cal composition 
me vi 


70-80 
9. Е ени 7%, oils 1.5% 50 itamins 
(2) ч straw is an importa fodder. 
S: Peopl сат (Triticum aestivum) is the 56 51а} 
1 West e in India. It does, the princip 
and hele countries. There 216 seve 
EN nae е broadly classifie into hard and $° 
While varieties are adopt or making вил and quM 
8 cu] the latter varieties are used for pread-making: heat 
Guj tivated mainly in Ut? pradesh, adhya Pradesh 
in Jarat, Rajasthan Y Haryana and punjab. Grains are sown 
May Ctober-December and th crop ba ested Ш Ш) 
Brown heat isa universal crop: ie. і can be successo Y 
Tage n, in both temperats and tropical count 900 K 
ysna of wheat in India із poor і js only about Б. 
log с Ате per year inst 1,590 Ke. "in. Several 
Ne kg. in Epit and 468 kg: in t fam 3: 
шь, Varieties of wheat—hardY iseasc resist oen 
bo With better milli b d-makinB ape I 
milling 4? 491) wit result that the 
i 1'33 million tonne 
ig, A rica 


ne 
wal ones in India (866 Р: up to 
Q ual yi one д 
ame of = yield has now si grown і Australia, , ; 
d e best wheats ar pemical com sition 18 stare 


ussia, The average 
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is à 
66-7076, proteins 12% and oils 1.5%. Wheat straw is 
fodder. 


Н оп 
usual sowing season is April-May, and the harvesting seas 


- Ines 
July-August. Each plant commonly bears one cob, sometim 
two. The average yield 


hectare per year, going 


W, 

he grains golden yellow, dull y 

Our. There are several REC ES 

hybrids. Some new hybrids of maize have been evolved V 
India, which are high-yieldi : 


:tious 

; and the grains a nutritic n 
‘food for farm animals, The average Бе composition 
1s starch 68-70%, proteins 10% and oils 3.6-5%. In addi 


2 f n 
the grains contain an appreciable quantity of calcium 2 
iron, 


i d 
B. Millets, Smaller “grained Cereals are commonly calle 
millets, and the 


im 
Te are severa] kinds of them. The more 
portant ones are 


as follows, 
vA) 

is an important ооу (African millet—racr ог MARI is 
i Cod стор of Kar taka (Mysore) and. " 
extensively Cultivated in nue eae producti?" 
in India), Tamil Nadu and Andhra, and to some extent 
: tra, Uttar Pradesh, Bihar and Punjab. ily 
being а short duration “top, 2 or 3 croppings are generum 
Practised a year, The Plants are dwarf but very hardy, а 


ce spikes are short | is a dryland cP’ 
Commonly grains are © a Whorl. васт is a dry 


hat 
i are sown j "July and. the crop ^*^, 
vested in August September. The eo yield per hect^? 
per year is 785-1,190 kg., sometimes double this quantity ү 
red soil properly irrigated, The grains can be stored 
several year, without injury, The average chemical com 
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Š i т 
is а T starch 73%, proteins 7% and oils 1.595. The straw 
) ош fodder for cattle. i 
miller Jua, um vulgare (= Andropogon sorghum; great 
Duütritioy, E Or CHOLAM) is the best of all millets. It affords 
Vated in " ood, nearly as good as wheat. It is widely culti- 
ndia, particularly in South India, Maharashtra 


and Gui 
u ; 4 
jarat. Two or sometimes three croppings are gene- 
tall (3-4 metres in 


та 
р a year. The plants аге 121 
Wuch.by. nd stout (the stem often sweetish), and the panicle 
Of Juar ae: ‘There are several varieties and hybrids 
Crop m Grains are commonly sown in June-July, and the 
hectare Tvested in October-November. The average yield per 
bla Per year is 785-896 kg., often double this quantity 
ones soil properly irrigated. The average chemical 
Straw erent is starch 72%, proteins 9% 
(3) Р, à good fodder for cattle. ; 
ther eee typhoideum (pearl mille 
Out In Portant millet, It is cultivated pI? 
Spikes ar The plants are 1-2 metres in he 
ions are long and occur in clusters. BAJRA 15 ET 
oppina low rainfall on both red and blac Mare 
sown i 85 are generally practise } ommon’y grains а 
Brains n May, and the crop harvested in July. Augu?" 
e oe require threshing and husking 
і E like rice, or gon i Qu fet 
irj, clare per year is 560-670 kg. OF =. ni 
pror tion. The afit chemical composition. is starch 7 196, 
аза SEN 10% and oils 3%- The straw 5 not comm 
odder for cattle. 


Cp 
5 € 
are ulses, As foodgrains pulses stand run Beal т 


w : 
with ely cultivated in India во winter ^ 
Culti cereals, occupying about 18% of te s naceae. They 
are vation, They belong to the famil Papi А | 
ave lued as food because of their hig "en mo 
ORI 22-25% (in soya-bean 7"; e 
in vitamins A, B and C (particular 
India are 


are _ Bram, pea, pigeon peroni 
Sul Widely used in yarious culina т, and ha 


ar 
nog У PAL. The plants fo! oid 
2 ) 
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496 ^ CLASS-BOOK OF BOTANY PAR 


is а 
lent green manure. In habit the pigeon pea plant 15 
shrub; the rest are annual herbs, 


(1)-Bengal gram (Cicer arietinum) is extensively cultivated 
all over India as an important pulse. The crop mature 


teins 23.5% and oils 5%. Average yield per hectare d^ 
year usually varies from 680-1,180 kg. The straw form 
good fodder. 


Composition is starch 5497, the 
Apart from the usual Protein and vitamin contents pec 
seeds are rich in Phosphoric acid. Average yield per i 
tare per year is 450-550 kg. Husked pods, seeds and 87 
form a valuable Cattle feed, 
D. Vegetables, (a) Leaty Vegetables like cabbage, lettud? 
Spinach, etc., are rich in Vitamins usually A, B, C an its 
and should be included in the daily diet. (b) Several Е 
аге also used as Vegetables, €g. gourds, beans, lady's E 
brinjal, tomato, etc. (c) Tuber Crops are fleshy undergros 0 
Toots or stems laden With a heavy deposit of food n р 
€ vegetables potato (Solanum tuberosum; 5©© 


:dest 
› an underground stem-tuber, has: possibly the wid d 
being available thr 


a 
Oughout the year in both warm 


‚ Cultiy. 
at 
ed for its edible oil W! 


\ 


EC 
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ET i 
is in fact a universal article of diet, and 


15 used in 
E. Ой Eus of culinary, preparations. 
ER oils, UD dE E several species of plants yielding 
with India holds a industrial, in high percentages. In oil- 
9 her Buge ex prone position in the world market 
Ne Es pong Oil-yielding plants occupy about 
ion DM ne cropped arca in India. Some common 
ae me oil, mus ig oil, coconut oil, gingelly or 
mun industrial oi oil, sunflower oil, eic, and some COD 
coil ere. oils are castor ОЙ, linseed oil, tung oil, 
11/32) is a 


(1) 6 
ro 
undnut (Arachis hypogaca; see fig. 
herb. The seeds yield about 


Prostya 

a үнген annual 
a cultura] ibig: oil. Groundnut cultivation is now a major 
Mah, m the p M in India and occupies the largest 
arashtra a orld. T amil Nadu, Andhra, 
win Be Seld re the principal areas 
ot th good y per hectare pet year i 
ang ÜY as arieties. Nuts are nutritious, © 
Scie aha proteins. "hey also 
inops . Nuts arc eaten гам, frie à Р 
е confectioneries, i js mainly 

nich is USC 

ial oi he Vanaspati 


of 1 
900-1,100. kg» 
ontaining 1% 


Cook i 
Cookin 
i g. Iti | 
iustry » is the principal commercia 
m е is m n Europe an imitation 
t С: soa anufactured from this oil. 
cutting P-making, illuminant, lubricant pa 
iheake to's There is a big export © giou А 

(2) с о Europe. The oil-cake is a ood fee in 
3h а: „Ж ч d uick- 
NO Vin stor (Ricinus communis; see fig- /42) 38 a 9 e 
'adu 8 shrub, mainly cultivate in Karnat? a dt 
are NER to some extent in Bi 2 west Ben |. There 
Smaller varieties—one Беа ing large seeds а d the other 
AUS коз The larger 5©© ; yield an inferior pi 

95. s ; 
ty LR while the $ aller ik die viel 
oil Е even more. WE 

lectare (36 40%) 07 150.560 ki. rus UP 
, per year varices from ^ D eget 
Pres, 0 kg.). Castor oi] has 2 variety of uses: B 
ine. d from k urified 15 used, 25 * 

ЕЁ! smaller 59 crown from immemo 

ls a safe purgative as kno 


32 


Quali 
Per ү 
to 


Ix 
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Р ө 4 Me ; ; ^he oil 
rial possibly because it contains ricinoleic acid. The 


expressed from larger seeds is widely used for шыган 
machinery, particularly its roling parts, and for lig the 
in villages; it gives a bright light without soot. It is for 
main ingredient of the copal varnish. It is also used Me 
dressing leather and skin in tannery. Its other uses a 
candle-making and Soap-making. Refined castor oil, О rs 
perfumed, is a good cooling hair-oil, widely used. Cas m 
Cake is a valuable manure but not a cattle feed since it Hen 
tains ricin, à poisonous alkaloid. The oil, however, is ff 


e 
from it. ERI silk-worms are reared on the leaves of tP 
Castor plant. Indi 


; eds 
a 15 the largest exporter of castor 56 
and castor oil, 


t 
G. Spices, Spices are certain aromatic and pungent e 
products used for seasoning and flavouring various 
Preparations and fruit and Vegetable preserves, ami 
aste, T hey are extensively used in wr 
ОГ sweet chutneys, beverages only 
With betel leaf. India is aste 
3 that produces almost all kin ally 
“pices, and she exports about 52 tonnes of them ann оте 
: Y Pepper, ginger, cardamom and turmeric. 
of the common Spices are as follows. is- 
sdb Nutmeg is the aromatic kernel of the seed of М 
а fragrans, While its ari] which is more aromatic big 
RUNE useful is the Mace of commerce. Myristica is 4 3 
ergreen tr, Moluccas; in India it EIOS ‘pears 
in length, Т % Oval in shape and morer Ы in 
two 18. "he fruit has a hard shell which pica ighi 
pieces, exposing a large seed. The aril (mace) is Þr oi 
ur and deeply lobed. It is rich in a volatile 
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and; 
ra is very aromatic, ‘I 
atic, ‘he mace forms an important spice, 


Often toge 
за oed With the kernel, and is used all over India 
m тйл E verte E: vouring material for various curries 
con Seeds M cane 15 also used in medicine. Usually 
P» tains д a out 85 gms. of dried mace. Nutmeg 
hs Cause ar ee in fat (a fixed oil) called nütmeg butter'. 
АП Топ опе - s agreeable aroma 1t 15 used in perfumery, 
(2) ci 5 and ointments. 
Peeled Foy al is the. dried brown ОГ 
чап tree dade the twigs of Cinnamomun frii. 
айу а ss Lanka, cultivated in South India. ‘The bark 
"Meus oil, tannin, sugar and gum. lt is aroma 
ser Гос, Г sweet, It is extensively used for flavouring 
; Yes. The _ Preparations and fruit and vegetable pre- 
‘inal а oil of cinnamon is used in certain drugs as an 
3) Cam ntiseptic. 
^w tree e obtained from Cinnamon” Siy; planted 
di, Il gar en Japan and Forniosa (Taiwan): plante 
i in India. Camphor 1$ extracted by steam 


stil] 
Flori ation fron D 5 : : nf 
1 old wood cut into chips. Sometimes, à 
oung twigs and leaves are 


i 
ч а e 
Sed in n Sri Lanka (Ceylon), y 
Same way for the extraction of camphor. It has 
d in very 


1 On 
S B b Oe 
зац ut agreeable aroma, and is widely use 
ў parations, chutneys, 
ractically 


iu ces in various food Р! 1 
А топоз) and medicines. Camphor industry, I5 P | 
үе {Т of Japan. Camphor is very slightly soluble in 
Ey, Sy readily so in alcohol and cther. 
ney В Ynthetic camphor is also in wide. 
dium; leat is the dried leaf of Cinnan Bas 
a at y PE d ‘tree, growing in qs of India, а un- 
cour the Khasi Hills. Dried le. 
Atleys Dg spice in a wide ran 
thie ew and fruit and vegetabl 
ap s M nas plant products COP: 
ап chilli, i cardamoms, cloves, 8! 4 1 
de, ^ black pepper, black cumin, cumin, 


dark-brown bark 
1 zeylanicum, а 


omum camphora, a 


э etc, 
(a) ihre, » b 
Ше 2-0 Je fibres may be €* 
(à os Mur veis (Gossypium), silk cotton 
s or lint, €£ (0) past fibres, eg. jute (Cor- 


а, 
х) and kapok (Ceiba); 


| x 
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: eh- 

chorus), sunn hemp (Crotalaria) and rhea or ramie per 
meria); (c) coir fibres, €.g. coconut fibres; and (d) leaf 


A е 
eg. bowstring hemp (Sansevieria) and American. alo 
(Agave). 


(1) Cotton is the hairy covering of the seed of Gossypium 
and is the most important textile fibre of commerce. 
fibres are removed from the seed b 
and spun into yarn and woven 
ments, screens, 
things. The qu: 
fineness, silkiness, etc. Ind: 


C- 
(2) Jute is the bast fibre of Corchorus capsularis and eas 
olitorius. Jute is widely cultivated in the low-lying "and 
of West Bengal (mainly), Assam, Bihar and Orissa and 
to some extent only in Uttar Pradesh, Meghalaya jue 
Tripura. It is extensively cultivated in Bangladesh. o 
Is essentially а Tainy season crop thriving under соеп 
tions of flooding at 4 later stage. Fibres mature jute 
the formation of the its. After harvesting, the , MR 
Plants are retted in Water for about 10 to ne p 
Sometimes more. The fibres are then stripped © 
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Stalks p 
y h 
and. They are then washed, dried in the 


sun an 
d finally 
y baled. The annual yield usually varies 
ith an average of 


om 8 
1, 23 t 
ШШ kg. ies a kg. per hectare, wit 
e extension of cultivation the annual 
64.54 lakh bales 


producti М 
ОШ] uction in India has gone up (0 
ively used for mak- 


80 k 

Es Pint. bes Jute fibres are extens 

ates’ cloth) gs, cheap rugs, Carpe cordage. 

und Calent etc. There are now 69 jute mills i 
cutta, and 1 in Assam. ( 


nd in 
able drugs. ]t is esti- 


LM 

‚Мей 

Н cinal Plants. Our forests abou 
of them about 


s an 
grea {ш ДЕ yielding many үа Ч 
d to 3 ene number over 4,000 species. 
1 he E species are in general use in 5 
К ls are k astern and Western i as and the Nilgiri 
dig A at to be the natura abodes of many suc 
erent Stat number of them are now being cultivated in 
tral D ates on experimental and со ial basis. The 
rug Research Institute at Lucknow is carrying ОП 


Tess 
Tch е 

n (1) Biogr er medicinal plants. 

be taka ami wood (Santalum album) is the monopoly of Kar- 
Kerala. The heartwood yields 5 to 1% of a 
w 


mati 
my ees oil—the sanca 0 mE 
betul TENES properties: it i sg. astringent ап 
90), Th iliousness, vomiting, fever, thirst an 
б) Garli seed-oil is used in 5 in diseases. m 
шь. (Allium sativum is a strong sm i ЫП 
Th *-conta; the smell being ue to the presen e of a sul 
th * pla ining volatile oil pres€ t in all parts Pane 
Qu ux is à small perennial ulbous herb cultivatec 
a ny Out India. Garlic ig used 25 condiment, 
M Veget fish and meat preparation’: an 
ie еге, able preserves. It has some impor 
бош Th s. It is an effective rem for high О М 
a 3 eumatic and muscular pain, and for giddiness an’ 
moche Good tonic fof tha Jungs: 
in p Dow, and carminative (relieves flatulence ап un 
@ fact els). It heals intestina stomac ulcers, ane 35 
A Ca Tegarded as Nature’s best antiseptte for. the alimen- 
беры al. It is highly efficaciou orp! 
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(3) Thorn-apple (Datura fastuosa) is a wed Бави 
poisonous annual herb, containing a few alkaloi wr par 
are extremely poisonous, Fresh leaves and juice и апі 
cotic and anodyne, sometimes applied to relieve MA "s 
inflammation in rheumatism and gout. They are a Smok- 
in the treatment of epilepsy and obstinate headache. а 
ing leaves in the form of Cigarettes often gives ES, ping 
relief in the case of asthma, and possibly also w 


4 0 
М т tute 
Cough. Daturine of seeds i; often used as a substi 


Е А {тот 
belladonna, А narcotic drug stramonium is prepared 
dried leaves and flo 


Wering tops. n rigid 
(4) Sacred basil (Ocimum sanctum) is a commo hleg™ 
Xpectorant property, i.e. ejecting Pe is а 
matter—from the throat. The jut child- 
household remedy for cough, cold and bronchitis in other 
ren. It is also applied to the skin in ringworm an An in 
skin diseases. It is also a good remedy for ear-ache. 


s rS 
4 К S M os + orde 
fusion of leaves is an effective stomachic in gastric dis 

in children. 


(5) Penicillin is the sı 
een mould (Penicill 


i : ri 
J. Timber. Tim ood (heart-wood) used for y" 
ous buildi houses,. boats, bridges, ship tine 
acking boxes, tea-chests, Са ral 
shelves, matchsticks and boxes, plywood, etc, and for I^ 


with 
nd firewood (fuel) together forest 


(5, 


ing 
under forest. In this res i hind, hir 
pect India lags behi est 
only 22.2%. In India, Madhya Pradesh has now the ok 
forest area, while Assam occupies second place. Fhe u: 
timber trees of Indian f k 
quality of timb nds on its hardness, strength, we!£ 
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(Pin ee (Lagertroemia ietent i 
A us), deodar (Cedrus) D NL Dae? EN; 
"x Beve ; 
ing, ied They are agreeable liquors meant for drink- 
ee and cocoa are common such beverages. 
ed leaves of Thea 


(1) Tea ; 
SN is the dried and prepa! 
еа is o assamica and T. sinensis, 
tea cup th a universal drink. From the (62 garden to the 
Tent grad ere is, however, a long history. T iffe- 
ne tea; th of tea, The terminal bud with two 
; the same with three leaves forms mé 


€ sa; 
me wi 
of pe with four leaves forms coarse 


Man 
u 
factured tea in India has nOW 


Per h 
e 
map, «tare per year, and 1.8 kg. of gr 


ake 
Plant y kg. of cured tea. T 
more or less 0.9 kg- India is t 
ces more than 


leaves usually: 


ее 
һе yield of greet leaves Per 


f o 
output the world’s total output. 
sing is produced in Assam wit 
Bardens © to 2,800 kg.) PeT : 
Pper кч many small ones) i п 
оп ssam) and 350 in North Ben 1. Tea 15 also grown 
ü Kerala and Karnataka. 

tea and €x- 


and ex he t 
halę Porter of tea in the world. She produces 1: 
ver 50% of India's total 
yield of 1,680 
ere 


a 
s ee scale in Tamil Nadu, Шоп kg 
Ww million КЁ 
produces about 560 Tning a foreign exchange 
: ‘ows in 


rts 
Ri about 990 million KE ea it 
the Ta Rs. 270 crores n€ only to jute. ea grows 
А p s and in the hills. Jt m2! Е t 1 Е. eeling 

Be camous f i eeable vou т 
boz lls at A rates. anufactur®, aa 
Ci f tannins (catechins), which are res nsible for СО our 
NOME of the infusion. 3.5-5% 1 
the а ant for the heart, an | a little Jatile 9! 
eve, oma of the tea is ue. Tea pushes T°” meon Д 
Manurine” for adequate «gushing : irriga 

ing lead to increased yield. 
; іа. Seeds of 


(2) à 
Coffeo is a favourite drink io S the fo 
wder 


and 


offe 
y fea arabi parti 
Ча CRM and C. robs of the © por 
ces of coffee. The axon ing. Certain hemicals 
skilful roas A coffee bush usually 


velo; 

yi ae К proper 2 
le add 55 purpose: 

lds ае coffee- Coffee C? 
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T export to about 57,000 tonnes. Brazil. and 

Kenya are the World's largest Suppliers of coffee, India 
ranks third in the World in her coffee production. 

(3) Cocoa is prepared from the seeds of Theobroma cacao, 

a small tree, Fach tree commonly bears 70-80 fruits, each 

7-10 ст, Fac fruit contains numerous 


‚ Proteins (15%), starch (15%) and fatty 
an Pods, each having аро 
l kg. of cured cocoa. Cocoa 
Оа is extensively cultivate 
West Indies Brazil, Ghana Thé 
i a in Java and Denon. d bi 
( ain om Brazi an 
(Ghana supplying the jh Bussi Kenya 


Ар 
PEND] x1 
Questions 


a Ws INTRODUCTION 
nature at ds prot А 
3 Е 2 ecamemte ah Give an account of its physical and chemical 
th ‘living, 3. Wh the important differences between the living and 
at are the main characteristics of plants by which 


са 
Main n be disti 
tingui 
апуу SOUPS. Give € from animals? 4. Classify plants into their 
With sketches pier of each group: Illustrate your 


PART i MORPHOLOGY 


You erotroph 
lowering studied plants? Describe the types of heterotrop 
plant er Draw a labelled Tüetch showing the parts of a 
? briefly mention the functions of those parts. 
seed, and the 


аі a Of its Г 
ot ie sketches E Non. Give necessary sketch Describe with the 
cope mination. parts of castor seed or maize grain, and the mode 
esent е proce 3. What do you understand by epigeal germination? 
t Perim Conditor. ШЫГ ан reference to a typica . 4. What are the 
Чт, E ent to з necessary for the germination of.a seed? Devise an 
leoptite Prove them. 5. Write: short notes on endosperm, scutel- 
can Рет, epicotyl and vivipary- 
forms distingui, What are the characteri 
АЫ О: тесе ned from the stem? 2. Giv 
Ypes “eMtitions Describe them with sketches and examples. 
Sint o, Süch roots? Dtscribe with sketches and examples at least five 
Hons, üt how Toots, 4, What are the normal functions 0 
рр: Writ this organ adapts itself to meet certain speci 
tie. root е short notes on endogenous: fusiform root, 
‚ root-hair and fasciculated roots: у 
i i-section. 


stics of the 
є an accou 


haustoria, 


Or pter 5 
And gat use l. Describe a vegetative bud 23 seen in a longi 
;be the various types. 2. Name 
are they not 


r Use is i 
garge ibe the и to the plant? Desci 
Е aser, 91005 kinds of underground stems, 
Wig, isti give He What are their fu i а 
i ingui теаѕопѕ in support of its morpholo8" А 
ie etes between a dem-tuber and a root-tuber? 4. Describe, 
^b Ratio. examples, the various m of stems for vegeta- 
Чый, Es 5. Write short notes on 

К Аршта б endril, thorn, phylloclade and cladode. 
dr l. Describe the parts of a typical leaf, and give an account 
3. pP'incipar* Modifications it undergoes. 2. What is venation? Give 
t tinguish types. Mention the functions of the systent of veins. 
С Аа between a simple leaf and 7. compound leaf, à compound 
обе 2 Short branch. What are the P ypes ОЁ compound leaves? 
t explain what is meant by 

al functions of the 


How do plants 


Toten, OF 
рыс uy, What ў 
“Mogi selves ше. purposes may Note any points of mor- 
ЦИ against injury Бу ^ ing | : Smilax, glo’ 
the following plants: pea, lax, glory 


int, 
€rest connected with 
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ustralian 
lily; Polygonum, Tose, Naravelia, Pitcher plant, Cardanthera, A 
Acacia, nettle, Hemiphragma and snake plant, imple race: 

Chapters 8-9, 1, What is an inflorescence? Describe me ‘inflorescence 
Mose types, Give sketches and examples. 2. What kind Modes Ocimum 
do you find in Bold mohur, aroid, banana, sunflower, coria Describe m 
and grass? Describe any four of them with sketches, " these parts: 
» and indicate the functions o 


nous, 
examples, the structure of hypogy 


e is 2 
ion and cohesion in flowers, 7. cud 
Pollen grain? pesci à mature pollen Brain and a mature 
What happens when a polle i 
and where do you fin 


otropous 
neat diagram of an anatropous or orn en 
е parts, 49, Describe, with sketches, a panicle, 
forms of ovules, үү. Write notes on any five of the ia ad spathe, 
helicoid, verticillaster, hypanthodium, hermaphrodite, gynop and apoca" 
involucre, bilabiate, corona, epicalyx, pollinium, didynamous 
pous, a effected? 
l. What is ‘Toss-pollination? How is А flowers! 
éristics of entomophilous and anemophi maize 210 
Ode of Pollination in sunflower, Salvia, to preven’ 
Vallisneria. 4, at are the contrivances met with in flowers of fertili- 
sel€-pollination? 5, Give a detailed description of the рсе notes 
zation in ап angiosperm. What is double fertilization? 6. пагу, 
on cleistogamy, Spur, anemophily, monoecious, dichogamy, prota 
cell and Synergids, 


ule 
: he ov 

- 1. Describe the changes. that take place in t 
Conversion into the 


f its? 

seed. 2, How do you dasify Ig 

€ principa] types. 3. Describe the fruits of Prescribe ш 
tomato, apple, gourd and Pineapple. 4. cashew" 
the edible Parts of the following fruits: apple, e. 5. бү 

cucumber, litchi, g, Pineapple, mango, coconut, jack and orang wind. О 
a concise Account of how and fruits are dispersed by notes O7 
aril i is the distribution to the species? 6. ies Lo 
‚ Perisperm, m, b . siliqua, 4 

and censor mechanism, A aed ER » 


PART jy. HISTOLOGY in plants? 
Chapter 1. 3. hat ijs proto lasm? Where is it found, in escri 

at are the different kinds о Hie exhibited by it? D En by 
the structure of the nucleus, ang State the main functions pero a short 
ips: be of a typical Plant cell, and P lLstructure 
actions, 4. Wha is the modern idea of ce of mito- 
33 revealed by the ‘electron: Microscope? 5, Give a clear account тісго: 
chondria, ribosomes, Coley body DNA and RNA. .6. Describe the a you 
Brains and aleurone grains. How Ү food 40 
demonstrate their in the Plant tissue? What kind ol undergo? 
З is cellulose, What modifications may it numerate 
н Моша you disti ish between cellulose and lignin? 8. E 9. Give 
219 briefly descri € most important reserve materials in plants. do yo" 
an account of the occu of mineral crystals in plants, How vacuole. 

them? 39. Write thort notes on middle lamella, 


X I QUESTIONS 


bord, 
етей pi 
a its 3 
an account of pig ste cytoplasm, chromosome and raphides. 
ess. 12. Stat matic cell-division’, ahd indicate the importan 
e the main differences between mitosis and meiosis. 
kinds of 


, Chapters 2 
puts ud 1. What is a tissue 
sections, 2 п рази Describe their microscopic stru 

ctu: z ere do you find а sieve-tu 

Ongi-section 1 meristem of 2 ste! a 
. 4. What are mechanical tissues? ibe their structure 
ion of (a) sunflo i 
cture and functions. How 


and 
be their 3110 
Describe the tissue-elements 


APPENDI 


a typi d 
a Pical vascular bundle. What art e d 
lenchym ;4. trachea, latex cell, 
„Chapters endodermis and pericycle- Y 
i GE 1. Describe the anatomical structure of a dico! 
Monocotyledonc a detailed description 0 the internal аше of а 
dice, dar е опо» е, 5 {ре the structure of a monocotyledono 
icotyledonous іп а transverse section. and compare і with that 
Ventral leaf and eta 4. Describe the anatomical srucure of а 007 
it eaf, and state the fupctions 0 e different tissues met with in 
i lateral bundle, conjunctive tissue, 


S WA 

rite notes on hard bast, Dic? 
and palisade parenchyma- 

in thickness? 


Proto, 
X 
2 сонам epiblema, mesophyll 
а г 7. 1, How does dicotyledonous stem f i 
Р Bie with neat ket. ‘the Y rigin nd. activity of cambium in 
formed? Deci root. hat аге annual rings? | Hoy к 
hti, escri . 1 z ете o i 
and sta forsas Daci anaron ea; a d their aifatomical structure» 
ate their functiones i 
PART Ш. рнүѕ10106Ү 
| of soils? How are 
n mmo Буза) chemical properties: 
n? How do you 
tial 


Cha 
a tal 1. What are the © E 
es What i ? Give an account of their phys! i 
h mate is humus? What is its utility in plant gro 
the humus content 0 soi tion 
di кыш шее that enter into the compone mine them? 4. 
loes an Mes methods usually follow upply of and niti) 
at inary gree! ant ts 5 in L4 
Be whe! ean ot Ptrogen se, ar ш ап physiology? 
М is osmosi at role Й ies on Ù 
A ан to demonstrate it. 02 пе a 
n sis, capillarity, nitrification and node с emonstrate and 
Measure ү 5. 1. What is root pressure? P ow do a. what ig 
ігар; А т e , Td 
p "ation> дараш the пува о, ЫЎ Pte of патер {тот 
the tort fie a Peperiment to prove VA ie ша difference? 
о i 5 
© surfaces of a leaf. What is PC аі а tran roduce* 
w what do yo 


сев, y ‘ascent of sap 
“aves a 6. Explain clear! impo 
plant, 7. [What is the 7 pleedinE- 


dation” rite notes on 
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assimilatio! 
Chapters 6.9, l. Give a concise account of eee ee 
ould you prove experimentally xperimentally 
Breen. plants assimilate carbon? 3, How would you Mee ERO o 
that light anq Carbon dioxide are indispensable for t 


itions necessary 
Starch in Photosynthesis 4. What are the external condition RS 
for Photosynthesis? Cleart i 


the process, 


ange 
4. Describe the nature К 
n plant and the atmosphere, 5. following: 
and Photosynthesis. 6. Write notes on fhe enzyme 
anaerobic respiration i metabolism, respiroscope, 
and Krebs Cycle, 

Chapters 12.14, 1. What 
external Conditions on 
length of 
instances 4. 


of 
. A cen’ 
із growth? What is the їл n 
growth? 2. How would you TETE Give 
- What is meant by irritability in P ds and 
Describe heliotropism, Beotropism and nyero mop a short 

these processes, 5. Giv ite notes 
Tring in plants. 6. Мы? 
auxanometer, and grand р р! 
methods Бу which’ the ‘flowering’ Р 
ves Vegetatively, 


d 
оп heliotropic chamber, 
7. 


Describe the 


ants 
reproduce ете] 


PART IV. ECOLOGY P 

А en 

Chapters 1.9, l. Define ecology, Enumerate the factors which inig the 

ecological uping or Plants, Give examples. 2. What 5 what 

hydrophytes> Cite familiar examples, епш 

Ў what уоц know ОЁ their special charac hyte*. 
Give examples, 4 ibe the characteristic features of E 

Give examples, 5. What is Mangrove Vegetation? Where do pu a 
i Describe, with “xamples, the main features of 5 


PART У. CRYPTOGAMS 

iffer- 
Chapters ].9. + How do QU classify crypt ams? State the di ta. 
21868 between: (a) Algae and Pane and to) я апа Teton in 
he structure and mode of тергосига 24 
i 4 monas, 3 Describe the life-history of 
thrix or Spirogyra, 4. Des, ibe 


| write 
e ion e life-history of Vaucheria. S- normo- 
Оп zygospore, ant erozoid, i te, isogamy, 
gonia and Pyrenoid, рүш satin tis 

Chapters 5-5. 1, Give a 


ой 
5 brief account of bacteria, and state WP V 
armful апа beneficia effects. 2. Give the life-histo 
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any 
histo Saprophyti 
history of s tic fungus 
Into of Spirogyri х that you Вахе ш 
їп СОЕ d that of hers pe est cells ‘re pul 
(Sea lutions s iate and describe the changes ШЕР ie m are put 
ite history е, (b) sugar solution. 5. Giv jet м at the 
Ch; з: garicus ог Penicillium 6. Gi MAD pee 
ч. 36: ive а 'eneral 
be ]. Describe : De 
e alternation of generati 


APPENDIX 


чала m d the шелш ©, дыг or Marchantia, 
m atio 1 it, 2. What do 
paes plant dE өле: generations? Illustrate your answer ecd 
Beneratior e the Ано plant. Indicate the limits of the two generations. 
epe o: feri; 4. got generation of moss OF the Sporophytic 
ie zent T ihe E Describe the prothallus of fern. What phase does 
рае Equisetum -history of the plant? 5. Describe the sporangiferous 
fa phytic generati and the nature of is spore» OF describe the 
Tsilea, traci tion of this plant. 6. be the life-histor: 
cing clearly the alternation in it. ; 


MNOSPERMS 
Cycas. 4. 


Bai 


Choi PART VI. GY 
Betesporophyl l. Describe the life-history of 
: as seen ane microsporophyl Cycas. 3- Des 
nd fertili; а longitudinal scction. ibe the mod 
escribe Е ір Cycas. 5. Brielly 
ss UB mal pollination and fertilization ak 
en in lo le and female cones 0 pinus. 8. pescrib 
ngitudinal section. 


in Pinus; 


describ 
e the ovule of pine 


tion 
Crib, 
as е 


Chapters d PART VU. 5 
and ilusti 1. Define species family, variety and 
taie them by suitable examples. ©: ive the outline of any 
i flowering plants = 
nd monocotyledons 
7 Maivaceae, 


moq 
. 9dern 
Systen 
tem of classification © 
dicotyledons а Cruciferae 
ilies: Cr" стае, 
mic plants 


Xplair 
i n the di 
Pap nostic M Rp us between 
bePilionaceae and C of the following а! : 
Nym Sing iG and Cucurbilaccat. Mention at least hrec сопот 
Y bhaeace each family. 5- Give the M in ch acteristics of the family 
fami escribe (a Illustrate your answer and cite at, least vo examples. 
amies: ue the inflorescence 2n у the ап cium ле following 
Ph ilies wh uciferae, Compositae a^ ac. ntion the espective 
уа as Sn you find the following morpholost 1 acters: | cna 
crib Cues epipetalous, didynamoUs, аро‹агро 5 Ж їп a 
Meng: the f. the main characteristics of any one of these famille a 
five tion dA) Cucurbitaceae о [апасеаё W, h. necessary 5 ES an 
* ^ least three examples f economic | portance: 95 cfer DA 
tha Sica, Hi following plants to ieir respective families: anuncu us, 
пе ыш Pisum cucurbita, Solanum Ocimum, and give the 
1 cs ‚ 
УК dug 3. 7 Quom Dire асі cs of the ‘family palmat, 
th арп at isis Nie plants ‹ үс importance belon ing to it 
the oe be Liliaceae with necessa sketches examples. 4. ү is 
© im ‘omic importance 0 mincac? cite at least five examples. ive 
Portant morphological ch ctoristics of the family 
PART VÍL gvorUTION AND GENETICS 
гош cite in support of the theory 
g, State brie! parwin's 


Chia; : 

of apt 
оцда 1-2, 1, What evidence? сап Vii 
ion? Clearly expla!” пу tree of the! 


iments 
, erimen 
the practica] importance of Mendel Mea ing 2 
8 How would you Proceed to determine whether a pini oes 
Patticular dominant character js homozygous or heterozyg 


PART IX. ECONOMIC BOTANY 
loyed 
Chapters 1.9. р Describe the methods commonly Sere 
improvement of field crops. 2. What are cereals? Of м 
are they to human beings? Gi 


heat, 
іа. 3. Give а short account of W 
Sorghum, Where are the 


t vegetable oils of | 


brief account of th 
dessert fruits of Indi: 


APPR N 
DIX п Glossary of Names of Plants 


in Roman; Indian names in 
G. for Gujarati, H. for Hindi, 
Malayalam, M'. for Mara- 
for Tainil, and T". 


Botani, 
Боа пама in italics; English names 
K. КК - for Assamese, B, for Bengali, 
thi Oe K'. for Konknni, M. for 
* O. for Oriya, P. for Punjabi, T. 
for Telugu. 


Abetm, 
Osch , 
Donn; ©. esculentus (lady's finger) A., О. & M'. BHENDI: B., H. & P. 
di ". BENDA, BHINDA; K. BHENDE KAYI; K'. BHENDOI; M. & T. VENDAKKA; 
Tus 
т Р 

коор оние (crab's eye or Indian liqu 
4 M'. сому; & P. RATTI; К. cULAGANJI; K'. GUNJ, DEVCHARA-DOLL; M. KUNNI; 
butilon in О. xamcHA, GUNJA; T. KUNDOOMONY; T'. GURUGINJA 

dicum = А. JAPA-PETARI; B. PETARI; б. pasati; Н. KANGHI; К. 
s Mt A, SHREE-MUDRE GIDA, KISANGI; K’. mupro; M. & T. PERIN- 
Cacia miii MUDRA; O. PEDIPEDIKA; Р. PILI-BUTI; T'. THUTIRIDENDA 
Mavar; 17074. arabica (gum тев) A. TORUAKADAM; В. BABLA; G 
Veram, p, DABUL, KIKAR; К. KARI JALI; J 
facla сары ABHUES О. BARURI; P. KIKAR; T". 

KHAIR; u (catechu)=A., B. & M'. KHAIR; G. кнең; Н. & Р. KATHA, 
Aca] IRA; T ена, KACHU; К’. KAIRAZHADD, 
аура у EADIRAM; T'. KHADIRAMU 
сш. ту пса =В, СТАЙ, С. VANCHI КАМТО; Н. кир; К. KUPPI 

MANI; AE SEERE; K’. MAKDDA-XHEMPDDI; 
MENS, totus O, INDRAMARISHA; 
Tyanth, 
H, LAT ёз aspera (chaff-flower)=A- UBTISATH; 
ase APA К: UTTARANI; > 
us А; P. PUTH KANDA, KUTRI; —- 
K, Salam ‚ . С. СОрАУАЈ; 
nan, VARN, us (sweet flag)=A., В. & Heo: . p. WARCH, BOJ, 
PES AND; M. улулумво; M'. WEKHAND; 
hatada ` uate AMBOO; T'. VASA IW 
= z . ADULSO; Я 
о, еа BANHAKA; B. BASAK; G M: 50; pakan; M. ADULSA; 
egie ЗАЗАМСА; GIDA, ADDALASA; K CT’. ADDASARAMU 
Ble map CA; P. BANSA SUBJ, BASUTI; $- PAL; Н. SIRIPHAL 
Konya ees (wood-apple)=A. & В Du О. BELA; р. BIL; 
Ава VIL VAM TRE; K'. BELFOLI; M. KOOVALAM; 7 
c ARAM; T’. BILVAMU 


orice) =A. LATUM-MONI; B. 


THuRUB; 


FED AGHEDO; 
M. AGHADA; 


4 
В. АРАМС; С. S^ 


. ADALSA; K. ADU- 


4 


Lp. & Н. KANTALA; G. 
century plant P M'. GHAYPAT; 


атеу; 

JAN; ericana (Ameri 

5 erican aloe oF Р 

mo: wa MANVAR; А TERE: к'. САІРАТ; M. наттикттА; eat ы 

lbi, , A A BARASIA; б Decora: ANARUTTILAI; T^. E 

ҳа lebbek (si POWIAYATEES an в P. SIRISH; G- ттозлязи ; 

а Удод NISHA КАК ше) ah халхи М: e ARINTHAKARA; О 91818; ©: 

lli, iT. , E SE; ; 1 

кт сера DIRISANA нар Pazi E 

ERRULE? EON eA. poNORU; B- н. К aM ©. ил; О. PIAZO; 
Alli VENGA LLAGADDI; K’. PIAO, , M. 

Wm inii лү uw; С. Lasan; Н. & Р. LASHUN; 

В. RASUN; М,“ asus; О. RASUNA; T. 


sati 
k, ee (garlic) =A. NAHARU; 6 
Ale, md K’. LossuN; M. VELUTHULLA j 
Cas; ` » Я 
5 Ka in m Ts MEM D: pravu; H. MANKANDA: 
lo," ^tLu Spo . А . p. ARVI 
"E ‚ AUUM; М'. ALU; О. MANASPAT, ТЗ CHRITAKUMARI; 


Us + 3 
ета (Indian aloe) =A. CHALKUNWARE 


К. MANAKA; 


G. KUNVAR; 
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VAZHA; 
Н. GHiKAVAR; K, LOLESARA; K’, KANTTIKOR, KATKUNVOR; M 


H 
; T. ктт! 
M'. койрнлр; О, GHEEKUANRI; P. KAWARGANDAL, GHIKUAR; T. 

T'. KALABANDA 


Alstonia scholaris (devil tree) 


MPALA; 
SAPTA PARNA, MADDALE, KODALE; K'. SANTNARUKH; M. E D 
NO CHHATIANA, CHHANCHANIA; P, SATONA; T. E LLI 


TAN 
Amaranthus spinosus (amaranth) =A, KATAKHUTURA; B. дїн G povi- 
JALJO; H. & P. CHULAI; К. smutty KEERE (or HARIVE) SOP <ANTAMARISHAS 
BHAJI; M, MULLANCHEERA; М', KATE MATH; О. KANTANEUTIA, К. 
dr. MULLUKKERAL; T". MUNDLA THOTAKURA Н. ZAMIRAND: 
Amorphophallus campanulatus A, $: B. oL; С. & M'. SURAN; Pep . 
K. SUVARNA (or CHURNA) GEDDE; K*. SURAN, CUTTIEZHAD IYA KANDHA 
CHAENA; О. OLUA; P. ZAMIN KANDA; "|, KARUNAKILANGU; T'. AEN Y Gr 
Anacardium occidentale (саз! А. KAJU-BADAM; B. HIJLI- AVU, 
IL, М. & P, 
RAPPALUMAVU; 
Ananas comosus 
ANANAS; K’ 
Andrographis paniculata— A. 
KIRYATO; K 


; - KASHUM 
KAJU; K. GODAMBL, GERUPAPpU; К’. Kaz; M. K 


т^; б. 

KALPATITA; В. & H. KALMEGH, AA б 

і K., KIRYATEM; М. KIRIATA 

? + CHARAITA; T, NELAVEMBU; T'. NECN PA 

Annona reticulata (bullock's heart) =A, ATLAS; B. NONA; G., Н., M'. т. 
RAMPHAL; K, RAMA Pi 


HALA; 
HALA; К'. ANON; M. АТНА; О. NEUA BADI 
RAMSITA; T', RAMAPHALAMU 3 


Annona squamosa (custard-a) 
H, & P. SHARIFA, SITAPHAL; 
T. SEETHA; Т' 


1л 

TAREE 

pple) =A, ATLAS; B, ATA; С. & M КЛИ, 
K. sEETHA PHALA; K', ATER; М. SE 


‚ Ke 

Anthocephalus indicus = A, В, Н. & P. кардм; С. & О. SNR 

KADAMBBA MARA, KADAVALA; K*. KODOMB; M, FADAMBU; @ М`. ү KADANT; 
KADAMDA, KADIMI рам; С 

Arachis hypogaea (peanut or Btoundnut)=A,, B. & O. CK MUS* 
MAFFALI; H, & р, MUNGPHALI; K, NELAGADALE, SHENGA, KALLEKA!; SANAGA 
BIBIKNAMZHADD; M, g. T NILAKKADALAI; M", BHUI-MUG; T’. VERU БОРАМ; 

Areca catechu (areca- or betel nut) = A, TAMBUL; B., G., M'. & P. T. 
H. KASAULI; K, ADIRE; K', 


POKA 


Argemone mexicana (prickl 
KANTA; G, DARUDL; Н. pipa 
MARANDDI, HOLDUvO 
KONTAKUSUMO; 


- KKU; 
MADDI M. ADAKKA; О. Gua: Г. PA 


Y or Me 
DHUTURA; 
"DUiRO; M. 
p: KANDIAR]; 


p. SHEAL 
“ican poppy) = А. kuiuwKATA; мат; K^ 
К. DATTURADA GIDA. ARISINA UMA КА 
SWARNAKHYEERI; M, PIWALA DIOTRA: 


‚ BRAHMADANDU; T’, BRIMADAND! curt США 
Aristolochia gigas (pelican Hower) =A., B. & O. HANSHA-LATA; K. qos ADA* 
K'. POPOT-VAL; M, GARUDAKKODI; M'. рордт VEL; P, влтки PHUL; T- 
THINA-PALAS 


AMPA 

Artabotrys odoratissimus “CHAMPA; B., G. & H. RANTE ace 

K. MANORANJINI, KANDALA SAMPIGE; К’. HIRVO-CHAMPO; M. & De NORAN* 
RANJINt; M’, HIRWA CHAPHA; Су. CHINCCHAMPA; P, CHAMPA; 17. MA 
JüritAM 


=A, KOTHAL; 


pitas 

MANVIES 

Q^. kommt; В. Kantitat; б. "MANASI 
HALASU; K’ Ponos; М. к T. pita; М”. 

Asparagus racemosus = 

VARI; KI, s 

VARI; T 


A. SHATMUL; B. $, 
TAVIR, SAN-JUANU-VAL; 
5 PILLITEGA 


ae 
‚ K. spat 
ATAMULI; Н. & P. SATAWAR; К. SATHAN 
О. CHHATUARI, М. М7. & Т. 
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.B. EAMRANGA; С. ern 
7 Н. & P. kAMRAKH; К. KAMARAXI, KAMARAK; K'. KORMONGARUKH; M. 
Azadi ANPULI; M', CAMARANGA; О. KARMANGA; Т. EAMARANKAI; 
X Ма indica (margosa)- A. MOHA-NIM 

» К. one BEVU; K’. KODDU-NIM, 


Чив; O, y Я dcos ў 
Baccaureg мы; T. vEMBU; Т'. VEPA - o; K кош KUKKE; К. 


APPENDIX II: 
os carambola (carambola) = А. KORDOI-TENGA; 


iRU 
BAUNSA; T. 
B 5 Т. мил; Т'. vEDURU = dey re 
ped (Indian spinach)=A. zura; B. FUE Е. x. ERI T. 
U BAY BASALE; K', BONDI-VAL; М. SAMPARCHEERA; 
Batatas RKEERAI; T^. KURUBACHHALI 
Bauhin Caulis, see Ipomoea batatas М”. KANCHAN; С. 
Н, е Variegata (camel's foot tree) - A», В. iy Р | KUDO; 
Мим, (Qj, ACHNAR; К. ULIPE, BILI pines eid) 
oa B. CHALEUMRA; 


KOVIDARA; 
M. MAN- 


ta Vul, x 
P Saris (beet) = А. BEET-PALENG; В. BEET 
Sep VEAN ', BETARAB; 
DAR; К. ; K’. 
ni EETUD UMP, K. BEET ROOT; 


Bly, ìi M’. LA 
Mea JARI -50NGA; 
Хокаонцеа=А. xuxum-sHUTA; В. КОКО 


ia diffusa nua; B. & M PUN! 

Н gi. di (hogweed) =A. PONONUA; B pUNARNAVA; K'a ; 
à RAK KKARATAI, 
M Н; К. BALAVADIKE, GONAJAL та пзп; T. MU 
` THZHUT : BISKHAPRA, 


T. AMA; О. GHODAPURUNI; Р. à 
Bomp, PUNARNARA . в ями; С. p nt "EA 
H. & piba (silk cotton tree)=A. SMAN: auca; K': ЖАТАП 
щу В. SIMAR, SIMBAL; К. BOORUGA, pat T onDABURAGAY 
c) E „ 2 чу , ; 
Borassus M VU; M'. KATE SAVAR; y „ TAL; С. MPANA; О. TALA; 
Tag; y l'atellife; (palmyra-palm) =A. scan; М. ; 
aj Panay АЦЕ MARA, TATI NUNGU; É- 2 с. suena; Н. & 
"іса 1; T’. TRADI Я SITE “ош; О. SOROSHA; 


P, san P pestris: (mustard)- А. SARIAB; : 

in’ SARs ris (m ; 

T. N; K, аа к". раш М. KATU! ИА 
KADUGU; T". ААУА _ А. PAg, K'. PANEUTE 

Para Шит Фіппаіит (sprout-leat plant)= bo 

ibe CH; H, ZARHMI-I-HAYAT; 


NILA. ур, 1; P. - 
ayer ? М”. PANPRUTI; О. A., B. £ M'- raias; С. d 

n. & P'sperma (flame of the al тнл; O. PALASA; i 
Aw. ,UUAK; К. MUTTUGA; "7 a m 


NO M; herrima 
lap bin; 1 MODUGA чапа pulo AR. MAH; В. rd 
erg E Pulcherrima, see Раса ARIN RAH. ; M. TMUVARA 
wA. P" (pigeon pea or ей бшмш; К° TURDAL 

зс’ Ч. RAHAaR; К. THOGARE | DULU 
о, HARADA: TT. THOVARAY; qT’. KAN! 
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Calotropis gigantea (madār)=A. лком-соси; B. ARANDA; G. Ww жон 
АК; К. EKKADA GIDA; К”. RUIEZHADD; M. & Т. ERUKKU; " - 
ARKA; T’. JILLEDU NON gii ом 
Cannabis sativa (hemp)=A., B., Н. & P. BHANG, -GANJA; G., xc; О. BHANGh 
K. GANJA GIDA, BHANGI; K'. BHANG; .M. KANCHAVU; M'. BHANG; . 
GANJEI; T'. GANJA CHETTU Mta. LALMIRCHI: 
Capsicum annuum (chilli)— A. JOLOKIA; B. LANKA, MARICI D гои 
H. & P. LAL-MIRCH; K. MENASINA KAI; K'. MIRSANG, SANG, АУА 
MULAGU; M'. MIRCHI; О. LANKAMARICHA; T. MILAGU; Т MS B. KAPAL 
Cardiospermum halicacabum (balloon vine)—A. KOPALPHOT. TERR К? 
PHUTKI, SHIBJHUL; С. KARODIO; К. BEKKINA BUDDE GIDA, ER X p. ПАВ" 
KOPOLFODI; M. VALLIYUZHINJA; M’. KAPALPHODI; О. PHUTPHUTKTIA; 
UL-KULKUL; T. MODAKATHAN; Т”. BUDDARARRIRA, RASARITIGH, м ОМАБКА 
Carica papaya. (рарам) = А. AMITA; B. PAYPAY; Н. & P. RAE: 
KAPPILANGA; M'. РОРАІ; О. AMRUTA BHANDA; ‘I, PAPALI,  ARAUNDA; e 
Carissa carandas-A. KORJA-TENGA; B. KARANJA; Н. & P. K orto: PME 
KAVALI GIDA, KARANDA; K'. KANDDAM, KARVONDDAM; M. ЕМО 
KARVANDA; О. KHIRAKOLI; Т. KALAKKAE T". KALIVI VAKA 


i i js UMBO; ; 
Carthamus tinctorius (salllower) A. & B. KUSUMPHUL; G. KUS ›ООААМ 
P. KUSAM; К. KUSUBI, 


М’. KARDAI; О. KUSUM, 
Carum copticum, see T. 
Cassia fistula (Indian 

H. & P. AMALTASH; 

KONNAI; M' 


KUSUME; K'. KUSUMPHUL, kusuMBO; M. SIN? 
A; T. KUSUMBA; T'. AGNISIKHA 
rachyspermum E 
laDurnum)- А. sonaru; B. SHONDAL; (E 
К. KAKKE GIDA, HONNAVARIKE; K’. IZABFL 
+ BAHAWA; О. SUNARI; "['. RELA, KOLAPONNA ›. kASUNDA' 
Cassia sophera— A, MEDELUA; B. KALKASUNDA; G. xASUNDARI; H. & P- " KALA 
K. KASAMARDA; K'. AKASSIA; М. PONNARAN Or PONNAM-THAKARA; 
KASBINDA; Q. KUSUNDA; T. PONNAVEERAN; '[". TAGARA 


Cassytha filiformis B. лклзнвы.; Н. AMARBELI; K. AKASHA АТА 
UDIDARA; K’. SORGVAL; M. AKASAVALLI; M’, AKASHVALLI; О. ^K 
P. AMIL, AMARBELI. 


MANGAS, 


Й 


УША 
Casuarina equisetifolia (beef-wood цее)=А., B., Н. & P. JEAN 001% 
YATI SARU; К, SARVE MARA, GALI MARA; K', SURICHEM-ZHADD; M- Ti 

: MARUM, KATTADIMARUM 


v 
; vUKKU: 
эм’. KHADSHERANI; О. JHAUN; T. 5А 
SARAVU 


pennywort) 
BRAHMI; H. & p, BRAHM 

M. KODANGAL, KOTAKAN; 
Cestrum nocturnum (queei 


KI-RANI; К. RATRI RANI 


/ HOOVU; K'. RATRICHI-RANI Ja gn 
Chrysopogon aciculatus (love thorn) =A, BONGUTI; B. CHORKANTA; 
GARIKE HULLU; K’, CHOR-KANTO; О. GUGUCHIA; P. CHOREANDA дй 
Cicer avietenum (Bengal gram)=A, Boor-man; В. cHHOLA; Ge Td 
CHANA; К. KADALE, CHANA; K*. CHONE; M. & T. клрлгл; М. НА! a 
О. BUTA; T’. SENAGALU KAPY p 
Сіплатотит camphora (camphor) = A. & B. KARPUR; G., H. & M й ! 
К. KARPURADA GIDA; K* KARPPURAVRIKSHAM; О. KA 1. 
мш aU KARUPPURAM; 'T G E in 
innamomum tama Я TEJPATA; © 
ТЕ]РАТ; K. кару а У аА таре RD МАРТЕ р TE . T^ 


NK’. тегрАТ; M’, tama; О. & P 
` TALISHAPPATTIRI; ‚ 


APPENDIX II: GLOSSARY 


mu po n Eularis =A. B. & Н. HARHJORA; B. 
P. сты, EAND-VAL; M. NILAM PARANTA; M’. KANDAWEL; О. HADAVANGA: 
d AERIS T. PIRANDAI; T'. NALLERU 
i TARBUZA- (water melon)=A. KHORMUJA; B. T 
cus M. XXX. K. KALLANGADI BALLI; K’. KALLING; 
TUS auranti NGAD; O. TARABHUJA 
H. ымы Yolia (sour lime)=A. NEMU-TENGA; B. RAGJLNEBU; G. LIMBU; 
ae oes NIMBE; K'. LIMBIN; M. UNARAKAM; М”. KAGADI LIMBU; 
TUS grandis P. GALGAL; T. ELIMICHCHAM; Т". NARINJA 
(pummelo or shaddock) =À. Wenan-ENGA; B. ВАТАВІМЕВО; G 
; K'. токАМЈ; М. BAMBLEE- 


ARMUJ; С. EARIGU; H. 
M. & T. KUMMATTIK- 


BAR, 
OTRU: 
cin n. & P. cHAKOTRA; К. СНАККОТНА 
. PAPANAS; О. BATAPI; T. BAMBALMAS eli ut 


TUS reti 
М Culata (orange)=A. KAMALA-TENGA; B. x 
M. NARAKAM; M’. SANTRA; 


ANGE K 
Clit, KOMOLA: KITTALE; К’. SONTRA, TANJERIN; "^ 
ori ; P. SANGTRA; T. NARANGAM; Ti: KATA 

& O. AP ; G. 


а t 
Арда Matea (b 
AJIT, (butterfly pea)=A., B- 
Pusta; МОКАВМА; K. ORI RARNIKE, SATUGADA GIDA K'. GOKARNI, SHANKA 
Cha KKATA т NUS HE M’. GOKARNA; Ё: ARIJIT, NILI 1080: T 
cinia pop T. SANKHA 
СЕЛ SA нет B. TELARUCHA: н. rumpARU; К. THOME Ee 
Cot р P5; K'. TENDLI; М rover; M’, TONDALE: O. KUNDURI, KAINCHIKA- 
locas. CHOL; T ЗЕ S 
i ele . Tq". RAKIDONDA 
a esculenta we E zm п, ARVI; К. RESAVINA 
Co m AVE GEDDE; K'. TEREM: M. CHEMPU; M’. KASALU; QE 
Tiang, T. SAM one д 
т AKILANGOO; T'. CHEMA E 
I sativum (coriander) = A-- вш Ош ЕДЕ: punts; б. р E 
Cro; Ва PAVERIA K’. KOTHIMBIR, DANIA; M. & T. К red 
alari, © 1". DHAN 
P. s xe Juncea (Юан dr sunn hemp =A. SHON; B: анон; бә Borr 
oM. ae APSENABU, SANNA SENABU; К^. HULKHULO: Me ( 
Ra ria RHULA; О. СННАМАРАТА; T. SANAPPAT; TN. H. JHUNJEUNIA; 
ES тс еа (rattlewort) =A. GHANTA-KORNA; А CHAR ; О. JUNKA; 
Cu, IDA; K'. G E THANTHALAKOT?? 
кит Тан плова si g Р. RHAR- 
ud ae (melon) = A. sanci; В. РЕЛЬ G. TARBUC pup, CHIBOLL, ME 
Сис 1 & KAKRI; К. KARABUJA К KKARITS E HARBUJA 
ki is i T. THANNIMATHAI; М" К ARBUJ; О. 7 kARRI; M. & P 
IRA: Uus (cucumber) — A. TIAN: В. SASHA: 7. (ARI; како} T. 
Cu over t Soutie gayr; K'. ТООХ U^ LLENV. Я 
ERI Sep T'. DOSAKAYA A140; В. MITHA-RUMRA; H. 
Oschata (sweet gourd) =A: RONG: HANGAI; M’. KALA BHOPALA: 


KADDU- 
Cus Hu, ot К. serGUMBALA; K , DUON М. DOSANIKAI 
p “та 10 KOXHARU; P. HALWA-RADDU: А” UEM p М'. HALAD; Н. & 
T Mlo; nga (turmeric)— A HOLOPE p А. |. HALADI ; 
Cusa, MANJAT: Arisa. K'. HOLDI, GHOR po 
ut, da a + 
a ores NSE З 
A exa (dodder)- A ARASHI-LOTA м 
сумы Mere. MR атоо аа 
y ®п dun ver; O. wiwUL Р. Жо son; B: 
ар Olon (dog grass) =Â- РОО кє; К HARIALI, DEURVA; 
KUDIGARIRE, or, GERI 


А - DO 
Aruga oP; К. GARIKE HULLU, КРЛ, GHASM 


В. SWARNALATA } 
uprrAte; К’. AMAR: 


Aj 
MPULLU: M’. HARALI; 
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(1 
SG sensus 
Dalbergia sissoo (Indian redwood) =A. SHISHOO; B. писи мю; М. VETI 
H. & P. SHISHAM, TAHLI; K. BIRADI, BINDI, SHISSU; K'. 
M’. 5нзлу1; О, & T'. sisu 
Datura fastuos, 


+ рнОТйА? 
; M'. DH 
P. DHUTURA; K. DATTURA, UMMATTI; K'. DUTRO; M. UMMAM; 


B» 
ga; Go Bo 
Delonix regia (gold mohur)— A, RADHACHURA; B. ERISHN K’ gumoni; 
M'. & P. сумонв; K. SFEME SANKESWARA, KEMPU TURAI; " 
M. MARAMANDARAM; O RADHACHUDA; Т. MAAYILKONNAI ‚к. we 
Dillenia indica=A, ourenca; B. Hp NER CHALTA; Со CARAMBAT? БШ 
MILU, KATLEGA; K' ; M. vALLAPUNNA; M'.  KARAMAL; 
UVATTERU; T". uvya ; G. aan 
Dioscorea bulbifera (wild уат) A, COCH-ALOO; B. CACHE 4 , p 
& P. ZAMINKHAND; К. HEGGENASU, KANTA GENASU; K'. Р 
PUTTAM-VAL: 


HI-ALOO, 

? M. KATTUKACHIL; М'. KADU KARANDA; О. DES £g? 

à ; T'. PENDALAMU ; H. ; 

blab (country bean)-A. vmour B. sum; С. es Е Yes 
ALLI; К". VATTANNO; M. SIMAPAYARU; М". 


EAITHONNI; 
GIDA, GARUGALU; Қ BHONGRO; М. g T. KAYYANYAM, 
МАКА; O. KPSHDURA; T" 


GUNTAGALIJERU, GALAGARA ; saca Ду, 
Eleusine coracana=B, MARUA; С. NAVTO; H. & K. RAGI; ES KELVA 
MUTHARI; M', NACHANI; О, MANDIA; P, KODRA, MANDWA; T. 
RAGI, CHOLLU 


Emblica officinalis, zee Phyllanthus & P. 

Enhydra fluctuaré (water cress) = A. HELACHI-SAK, MONA-SAK ; Б. псн, 
; H. ; Ke. MARUCHZHADD; M’, HARKUCH; О. 

SAGA 


Р SEHUP: 

i, O. DOKANA iU; P. DANDA THOR, TIDHARA Y 

TALL; Tino: | S rds A 
Euphorbia Neriifoiia A зи; B. MANSHASIj; С. THOR; H. SIJ; =o. РАТ! 

y s ; ; K- monxa-siz; M. CHAUDHARI NIWDUNG; Y 

БИН a GANGICHU; Т”. axi JEMUDU ATA; A 
paro Pulcherrim (poinsettia) A. LALPAT; B., M'. = „Ен 

INSETTIA су. Ti "РАТ; О. PANCHUTIA; P. 
MAYILEUNNI 'AMBDDEM. 
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PADMA KANT, MAKHAN; 


APPENDIX 11: 


Ew; 
A [еток= А, Nikon; В. Н. & P. MABHNA; M’. 
Feronia lin PADMA; Т". MELLUNIPADAMANU 
Ferula imonia, see Limonia 
с каше (asafoetida) =A., B., б, Hu M'. & P. HiNG; К. INGU, 
Ficus QU K'. ING; M. ava; О. HENGU; T'. INGUVA 
wap "^Ealensis (banyan)=A. mon-cocH; B. POT; H. & P. BARH; G. & M. 
3d К. AALADA MARA; K'. уорр; M. PEERALU; O. BARA; Т. AAÉUMARAM; 
Fic; $ - 
fd Carica (fig)=A. рімоки; B. DUMUR; с. омвлко; Н. & Р. ANJIR; K. 
АТ; K' Амды; М & T. ATHTHYMARAM; M'. UMBAR; О, piMURI; T’. BODDA 
Teligiosa (peepul)=A. ANHOT; В. AswarrHA; С. JARI; Н. & Р. PIPAL; 
ARALI, ASWATHA; K', PIMPOLL; M. ARAYALU; M'. PIMPAL; Q. ASWATHA; 
Foenicup T. ASWATHAM 
Шо Were (anise © fennel) =A. cuamoonl; B, 
во i Н. & P. sauNF; К. DODDA JEERIGE, DODDA SOME + 
Gardens VERDOXE; M'. BADISHEP; О. PAN MOTIUR; ПЕНА ТЕЕ 7 
G. ia jasminoides (cape jasmine) = А. тосов; B. Н. & Р. сие Eu 
chee К. suvasamE MALLE; K’. JASMIN: M’. GANDHRAJ; © 
loriosa su) ; А 
eis шыу шугл E ЖШШЕ ОЕ ата 
сиворд АА KULHARI; К. SHIVASHAKTI, LANGULINE: Es Nera P. GURH- 
6 Ero; M. MANTHONNI, PARAYANPOOVA} y 
"шур т, ААЦ; T. KALAPAI-KILANGU ; Т" 
М. кут P: (cotton) =A. коРАН; B. H. & Р. eq 
Gyanang UPARATHY; М’. KAPUS; О. Kopa; T. PARATHY, © ARAM; H 
ник d'obsis gynandra=A внитмлА; В. HURHURE; С. Г Tas 
j P ; TTU ; 
pe id a TAE crt “т. NAIKA-DUGU; T". 


В. PANMOURE С. 
K'. BODDIXEP, 


Gi 


VAN: 

Vaus 4NASORISIA, SADA H ; Р. HULHUL; 
eli 
su us annuus (sunflower) =А. pevt-paur; B. & o S is 
a. Sun ; H. & P. SURAJMUKHU К. sunvAxANTHI; Ki. ; 

Hibiscus A KANTI; M’. SURYAPHUL; Т” SURYAKANTAN 
ibise, 6%шетіцз, see Abelmoschus j pen 

Сиз mutabili. , See ei we "—À f 
= A , Е . AP- 
a MUI aA & B. aie HO or nD м. aria 
RA тп; M* , KEMPU SURY: Bo dE e ium, 1 

шым - GULABI BHENDI; О. THALA P 

s wer)=A. JOBA; B. Jasa; О. 

shoc ba *, DOXIN, LAMPIANV; 


Cus ý 
UC Mar nensis (China rose or SLE А 

г R , e 
lcies aa casi K. ce mu nua; P. олны, ЛА ғиѕнр/; T. 

Rip ВАтноо v; M'. JASWAND; О. 
i j Т. ME . p. MESTA; Н. . 

MESEKA-TENGA; В. эш; M. LALA eGo. 

x PUNDRIRE; K’. TAMBDDI-AMBADI; М. PUI ү; 
Ripe А. KAUNRIAS TP. aoe A дла Hd 
ае p IA; T’. SEEMA GONGURA wApHOILOTA: Б. Е 0. 
Lata; G^ Balensis (=H. л adablota) =A. МАРИ С rg; a cvi ER 
Dus) С. марндут; Н. MADHULATA; K- КЪ papHULATA, pangan; T. KURUR- 


Кы, M. srraru; M’. MADHUMALAT!j : 
кт МА | p. sma; С. INDRA JAVANU; 
hena anti m 9 кной1: B- . K. xu»; M. 
idysenterica А. ЮЙ io uURUEA, sony КАЛТ. с 


^K 
Non EA, KARCHI 
Ў ; К. KODACHAGA, ier JAU 
Нуу, КОМА; М”. zupa; О. PITA кояш; Ё. 
рорад 
leg, p 86е Centella . В. 7 
Somy ne Lamina (balsam) eA. PE М. & 


ООуА, pasavaNA PAD; È- 


/ 


^ CLASS-BOOK OF BOTANY . 
". GORINTAPOO 

TFRADA; О. HARAGOURA; P, MAJITI, BANTIL, PALLU; T". 

CHETTU 


‚ Аме 
Tpomoea aquatica 1. reptans (water bindweed) = A. KALMAU; B: а Н. ами, 
RAK (C); G. NALINIBHA]I; К. BILI HAMBU; К'. NALINI-BHAJI; М. 
NAL; О. KALAMA SAGA; Р. NALI, KALMI SAG; T'. TUTICURA акклй HE: * 
Tpomoea batatas (sweet potato)- A. & В. MITHA-ALOO; С. SH. дщ ZHANGU; 
Р; SHAKAREAND; K, GENASU; K’. KONGAM-ZHADD; M. MAD! 
-MULA; Т'. KANDAMOOLA миў ноо 
; Н. GOTAGANDHAL, RANJAN; EC M. 
PHKOLI; М. & T. CHETHTHY, pANDHUBAMU: 
» RANGANI; P. mRUNGAN; T'. 
KORANI, TOCARU ; 
Jasminum sambac Gasmine)-A. yur.pmur; В. вил; Н. mov. 
MocRI; К. GUNDU MALLIGE; K’, MOGRIN, MOGRA; М. молл; M’. 
О. MALLI; T". MALIE ; К. 
Jatropha gossypifolia — A. BHOT-ERA; B., H. & Р. LAL-BHARENDA; ТРАМ; 
ADU 5 K'. ERONDI; М'. VILAYATI } 
3 Т. ADALAI T". NEPALPMU олд; Е: 


RA; К. NEERU DANTU, үт Дыр” 

XALAFUR-PAN; M. NIRGRAMPU; M’, PAN LAWANG; T. NIRKRAMPU; T vn 

YAGNIVENDRAMU LAUS 
Lagenaria siceraria (bottle gourd) =A, JATI-LAU; B. & О. LAU; K^ к T 

К. EESUGAYI BALLI, HALU GUMBALA; K’. TAMBDDO-DUDHI, BOBRO; | 

CHORAEKAI; M’, DUDHYA BHOPALA; P. Guiya; T’. ANAPA pasa viss 
Lagerstroemia Speciosa=A. луд; B., Н. & P. yaruL; К. HOLE patot} 

CHELLA, BENDEKA; K’, TAMAN; M, NIRVENTEKKU; M'. TAMAN; O. 

T. PUMAR нооу®? 
Lantana indica (lantana) =G., cranmatia K. LANTAVANA GIDA, HESIGE SANA 

К'. CHANNIARI; M. PUCHEDI; М”. GHANERI; О. NAGA-AIRI; P. DES! 

T. ARIPPU; T°, LANTANA cum 
Lathyrus sativus— А, FOLA-MAH; B., Н. & О, KHESARI; С. MATER; gans DY 

TOGARI, VISHA TOGARI KESARI BELE; К'. FEIJANV; M’. LAKH; Р. w; € 
Lens culinaris (lentil) = A. MOSOOR-MAH; B., H., M'. & P. МА Sns unh i 

MASURIDAL; MAS, eEkK' ISURIDAL; 

T. Eit URU BELE, LENTEL GDA; K', MU: c. 
Leurs неш „А, RONdA-DORON; B. DRONA ; Н. HALKUSHA, GU" м; 

PRON; О. копэкид, T, UTUMMI 4 A 
Lepidium sativum ien Phal & В. HALIM-SAK; G. ASALIYÀ ; mE 

К. KURTHIEE, KURATHIRUGI; M', ALIV; О. mDAMPA saca; P. H 

ADIYALU, ADPII N нн} 
Leucas linifolia— А. 


A 
sna? 
DORON, DURUM-PHUL; B. sweT-prona G. JH том50} 
КОВО; Н. снотл-н ; К. caNTU THUMBE, KARJALI GIDA; K- тном 
s ONAPUSHPI, GUMA; О. GAISA; P. GULDODA; 


(elephant.a 


' ; M. 
BILVA PATRE, NAYI BELA; K'. HOTI-BEL; 
M’. KAWATH; О. x » ; 


ANTRA; ; Т". vELAGA n 
Linum usitatissium Qi А; T. VPLAMARUM; T’. VELA р. м5 


-VIRAL 
5 K'. 5омвл; М'. yawas; O. PESI; T. аа E 
* ROGHU-MALA; B. MANDA; С. vANDO; H. vt 
MEARE BADANIKE; KR”, DAKTTI-BENDOLL; М. rrHTHIzL; М". uit Р. 
iP. PAND; T. PULLURUVI; T, BAJINNTEI, P j 
Luffa acutangula (ribbed Bourd)—A. JIKA; B. унтысл; С. SIROLA; Же 

m Batu; K’, XIRGONSALLEM; М. PEECHIL, РЕЕС 

екЫ 9: Humor. PEECHANEA; T°. BYERAKAYA 


& 

Hec 

OTHA; ; 

ррїе)=А. & В. EATH-BAEL; С. K LANs 
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Luffa Б 
суйпатї 
Girvkron; ym ca uq or loofah)=A. BHOL; B. DHUNDUL; Н. & Р 
Depensa NETI BEERAKAYA. p^ poni res ar 
sicum 
H..& P. nesciens (tomato) =A. BELAHI-BENGENA; В. BILATI-BEGOON j 
кА; M’. т. TAR; С. TAMETA, TOMATO; К. 10MATO; М. & T. THAKKALIK- 
Mangifera ieee A; О. BILATI BAIGANA; T' THAKKALI, ТАМАТА 
ENANAR a (mango)-A., B. & H. лам; С. & О. AMBO; M. MAVU; 
artynia annu, MANGA; T’. MAMIDI, AMRAMU Y 
CHA; Н € diandra (tiger's najj=A. & В. BAGH-NAKHI; G. VICH- 
M. & тыктан, К. HULI МАЕНА, GARUDA MOOGU; K'. VAGA-NAKXEO; 
HATHAJORI; KACHUNDU, PULINAGAM; M’. WINCHAURI; О. BAGHA NAKHI; P. 
RI; T'. GARUDA MUKKU S 
int) 


entha viridi. 
viridis (spearmint or garden m =A, PODINA; B., С. H, M. & 


9. РМА; 
Michelia che М. Purtyina; T'. PODINA, FUDINA 
ampaca=A. & P. CHAMPA-PHUL; В. SWARNACHAMPA; G. RAE CHAM- 
CHAMPO, CHAMPEACHEMZHADD j M. & 


. SAMPAKA 

B. LAJJABATI-LATA; G. 
MUDUGU DAVARE; K' 

1; T. THOTTA- 


РАС; 
on сын; К. SAMPIGE; К". 
an М. soncmarru;, Os CHAMPA i f 
CERE dai (sensitive plant) - A. LAJUEL-LOTA; 
1; H. & P. LAJWANTI; К. IDARE MUNI, 
ALU; O. LAJAKULI, LAJKUR! 
=A. GODHULI-GOPAL; 


A 
ant or marvel of Peru) 
JE MALLIGE, GULBAKSHI; BHADRAKSHI; 


Bap) 
Мотор P. GUL-E-ABBASI; 
y Не charantia (bitter go 
RL ee К. HAGALAKAYI; 
: oringa ‘of M’. KARLE; О. KALARA; *, KA 
+ SAR, oleifera (drumstick or hors. gadish) - A. & O- SU 
ну EL BATUR К. NUGGE MARA, KA MARN; 
Morus = INGA; M'. SHEVAGA; P- SAONJNA T. MURUNGAT; © ries 
kp ba and M. nigra (mulberry) -^- ; В. TOONT; qUTRI; 
- SHAH-TOOT; K. KAMBALI GDA, RESHME HU 
u Y; M’. топ; Pu T : | 
Vp pruriens m Sic eson; B. ARUSHI G. nina Н, 
M. Mit WANCH; K. NASAGUNNI, NAYI songu ВАШІ K'. RATEUTLU, ; 
ЫЛ -KORUNA; M’. xumA; O- у 
Taya paniculata сшде Ъоф=А- з Б, НЕ у шю 
U KARI BEVU, ANGARAKANA m KAR EL, AK UVEPPILAN; MUR 


MOXING; 


MULLA: x 
SOLUG; M'. PANDHARI KUNTI; P. ш 
is | К. BALE GIDA, 
2. Paradisiaca (bariana)=4 ко; B. KAP GE Ho корой, ROMBHA; 
; t RANNU; x sus M. VAZHA; м. KADALI, KEL; € 
Мер EAS T’. ARATI, KADALI us)= горм; B. M Ө; 
Ык. pei ‘elumbium speciosum. C КАМАСА," ТАУАВЕ; K'e koo 
; G. Я А p. KANWAL) тм 
JBesutor; es per ues THAMARAI; TAEA с. & M'. EAN 
H, un dicum (otcander)=A- eni. ee TAMPDDO RR 
Anaro, 2 FANER; K, xaxicaLu; К 6 
Yctanth kanann; T". GANNERU е) 2А. SEW suu; B. SHEWH SO 
hes arbor-tristis (night jami g, PARIJATA S *, гайрак; М. Pan 
; С. аткам; Н. cue $ нан e A 
o. 51“ З 


Li 
Mutta; Me 
Panga, М". PARIJATAK: 


; . M’. TULAS; © 
SREE TULSI, VISHNU TULSI; К”. TULSI; М. & T. THULASI; М 
LULASU Т”. LAXMI TULASI, ODDHI 
Oldenlandia corymbosa=B, 


-РАРРАЙ; 
Ж P. kHETPAPRA; С. PaRPAT; Н. н 


‚О. 
*. PITPAPADA; 
BEVU, KALLU. SABBASIGE; К’, PARIPAT; M’. Р 
GHARPOpIA; T". VERINELLAVEMU 


THOR; 
PHADYA NIWDUNG; O. МАСАРНЕМІ; P. CHITAR 
SAPPATHTHIKKALLI + T’. BRHMA 


; P. ; T. PAYYALANTHA; i же NELLU; 
Oryza sativa (paddy)=A., B. g% H. DHAN; С. снокнл; K. T ARISHI 5 т 
К”. BHAT; М. NELLU; М”, BHAT; О. DHANA; P. cHAWAL; T. 
VARI, DHANYAMU 
Oxalis repens=O, 


Kk. 
JPATL KHATTI-PATII; K, PUITAM PURI KHATTI-BUTI; 
BOXI; M. PULIYARILA; M'. лмвоѕні; O. лмвпгп, amri; P. 
aua. AMBOTIKURA 


H GANDHAE 
Paederia foetida= A. BHEDALLOTA: B, CANDHAL; С. GANDHANA; Н. 
K’. GHANRURH; M. TALANILI; M’ 


‚ к. 
TA; 
flower) = A. JUNUKA; B., H. & P. T KRISTHU 
KUKKI BALLI; K’, SAIBACRE-GAVE, CHAGAM-FUL, KRIXNA-KAMAL; M. т" 
PAZHAM; M’, KRISHNA 


K. saj” 


Ше . & P. BAJRA; AJ 
камву; Kr, d E (Pearl millet)=B., H., О. & J. 


TS. 
; АМ; M'. BAJARI; T. KAMBU, BAJRA; 
SAJJALU 


much; 
Phaseolus aureus (green Bram)—A. mocu-man: B. & H. MOONG; es о. 
К. HESARU; Ke, UC, HIRVE-MUG; M, CHERUPAYARU; M'. HIRAVE 7 
JHAIN-MUG; p. ; T. PACHAPAYARU; ‘T°. PESALU ; Є. URAP 
Phaseolus mungo (black Srim)—A. MATI-MAH; В, MASH KALAI; ; p. MASH? 
Н. окш; K, UDDU; K, “unm, M. UZHUNNU; M'. upm; О. MUGA; 
T. ULUNNU; qp. UcULU ' AMLOK 
Phyllanthus emblica- Emblica officinalis (emblic myrobalan)=A. i 
B. AMLA, ; 


NELLI 
"MOVIL С, MBALA; H. AMIKAS Kc NELLERESTADA MEUS SAN 
SNELLI; К'. Any, * M. & T, мецлкклг; М. AWALA; О. ANLA; 
T'. USIRI : 1 ALLA 
Piper betle (betel) A. Bo С.Н. & р. там К укы DELE, MS "PANIS 
К”. KHAVCHE-PANN, p TTLPANN; М. & Т. VETHILA; М". NAGWELI; O. 
РЫ TAMALAPAKU з í : g. pun 
iper longum (long Pepper)= A PIPOLI; В. PIPOOL; С. PrpamA; Н. "T 
ARRPPALI; K’. Раво РАЎ тиды; M. PIMPALI; О. PrPALI; P. DAR 
i "Т'. piPPAL SEM 
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Olen. (black pepper)=A. JALUE; B. GOLMARICH; С. KALOMIRICH; Н. 
MULAGU: P KARI MENASU; K'. MIRIAM, MIRIAKON, EALE-MIRIAM; M. KURU- 
ir: SAV YANG KALI MIRI; O. GOLA MARICHA; P. KALI MARCH; Т. MILAGOO; 
tia F 
М n dee (water lettuce)=A. BORPUNI; B. PANA; G. JALAKUMBHI; Н. 
мам UMBI; К. ANTARA GANGE; К’. GANGAVAJ!; M, MUTTAPPAYAL; М’. 

Pisum sativa О. BORA унчу; T. AGASATHAMARAI); Т. AKASATAMARA 
BATANI, i (pea)—A. moror; B. H., О. & P. MATAR: G. VATANA; K. 

pjSUNbUSANICHEU К”. vartano; M. PAYARU; M". WATANE; T. PATTANI; T'. 
the, А 

ccolobium saman (rain tree) A. SIRISH 
Bá) S AREAM-THOONGIMARAN; M'. SAMAN; 
Plump, SIRISHA 
а, " 
авео апіса А; acyactitr; В. CHITA; G: СПАНЫ H., M'. & P. 

DE j op BILI CHITRA MOOLA; K'. KODU-VAL; M. & T. коруукы; О. 

Plumer: 

H. Hn (temple tree) — A. GULANCHI; В. 
cumapar, GOLAINCHI; К. HALU SAMPIGE; к". 
на AKAM; М". KHUR HA; O. EATHA CHAMPA; P. GULCHIN; Т. ERRA 

[ Men VARAHALU 

tana pulcherrima (dwarf gold mohur Or peacock flower) =A. KRISHNA: 
eU B. RADHACHURA; С. HARO; Н. GULETURA; К. КЕНСЕ GIDA, 

м: A CANDHI; K'. KOMBEA-XENKAREM, SHAN ZAD; Мол т 

mag ANEASUR; О. XRUSHNACHUDA сорвана; Р. KRISHAN А 

Pops ail; T’. TURAYI А 
вн iet tuberosa (tuberose) =A.» B. & 0. RAJANIGANDHA; 

син; К. SUGANDHA RAJA, NELA ЅАМРІСЕ, SANDHYA RAGA; 

HADI; M' > .- T’. SUKANDARAJI 

ps PAP M’. GuLCHHADI; T. NILASAMT ANGE prspARU; G. ASHO 
rao, A longifolia (mast tree)=A. Е O. 7 ARTERS B. ga; К'. axor; М. 

Н. к М. Asuok; К. PUTRAJEEY ар ASOKAMU, DEVADARU,, 


a MMARAM румий T 


сосн; К. MALE MARA; К'. SIRIX; 
Q. BADA GACHHA CHAKUNDA, 


Nara T. 
Bh s » upkA-MARDG М. MOTHALA 

лит 5p. — A. BIHLONGONI; В. pANIMARICH; K'. UD! ; 
KA; О. MUTHI SAGA; P. МАКЕ; T. AATALARIÉ ue Gera 
'HOL-BHAJI; 


Port : 
gg, crews (рша) HANETHENT  GaoLcHE-BHAT!. © Е 
M, P. xuLrA-sAG; К. DODDA GONI sorru; K'. © PUT. PEDDAPAVILI 
* KARICHEERA; > Ж), va; Т. KARIKEERAT; 
puma ; M'. GHOL; 9. - 
pes scandens А. HATI-LOTA; С FELIS 
pier; K’, ARIA VAI: М. ANAFPARUVA: M’. AN. 
Mr 
озор spi ‚ g О. SHOM; G- TN 
| NE. Spicigera— A. sOMIDH; l T. РЕКИМВА; Т" 
» PERUMBE; K'. ХОМВІ; 


Риа; ar VER 

i PAYARA; 
as Buayava (guava)-^ мори Ан; В. ;M' PERU; O. РЫЛ; 

UD; K, ; K’. FER 

T. ко . SEEBE, СНЕРЕ, PERALA: ! 
мота: Т'. JAMA SES MOOCHKANDA; Н. KANAK 
Champa um acerifolium=A- pam м". MUCHKUND; О. MOOCH- 
к ; К. MucHUKUNDA CPA; 5 MUSHEANDA К 
Т. Woo. MAISARAND! UG. papas Н. ® P. Алт, 
VENNANGU; з. DALM; dere e 


Pun 

ed Eranat ate) - ^ к Р. 

. e (pomegran? m рМЛМР; О. 
З . MATALAM; i 


i 
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Quamoclit pinnata 
TORULATA; Н, & p 


TITRANJE 
‚ KAMLATA; К. KAMALATHE; K’, GONESFUSHPA, CH 


; K 
KEMPUMALLE ; 
G. BARMA SINIVEL; H, $. Р, LAL-MALTI; K. RANGOON 
FIRNGUICHAMELI; M’, 


MALLI į 
TAL CHAMELI; O. MODHUMALATI; T, RANGOON 

T’. RANGOON 1; K. моо- 
Raphanus sativus (radish) =A., B., м. & O. MULA; H. & P. MULI; i 
i М. MULLANKI; T. = Т. MULLANGI я Precis 
Я > CHANDO; B. CHANDRA, SARPAGANDHA; тнт 
5 Н. & Р. SARPGAND, D, CHOTA CHAND; К. SARPAGANDHI, SARPAGANDH; 
SORPA-GANDH; M, AMALPORIYAN; M'. 

ST. DUMPARASANA a pi; Н. 
Ricinus communis (castor) =A, rarcocu; B, & р, ARANDA; С. ERA! 


; ; О. ИР 
Apr BARALU; К'. ENDELL; М. р T. AVANARKU; M'. ERAND; : 
RENDI, ARANDA; T’, 


= SmERDE; 
cinarum (sugarcane) A. KUNHIAR; B. & H. AKH; S odi т: 
К. KABBU; K', us; M, Е T. xay; M. USA; О. axHU; Р. ©! 


A, MURVA 
String hemp). A. GUMUNI; B. MORS 

Н. мави, K, MANJINA NARU, GODDUMANJI; K* MURVO, SORPAZHADD; 
PINPOLA; О, MARUL 


; О, UGA; T. 

Saraca indica (asoka tree) =A., B. & 
К. ASHOKADA MARA, кеМ, 

M'. 


ASO. - ASOKAMU (0-TEL; 
Sesamum indicum (gingelI: =A, А 5 . TIL; G. MITH 
К. veu; pe т ne Dr PILLE 
Sesbania 


AGAST; ™ 

t HUL; G, AGATHIO; H. & P. ; 

AGASE, CHOGACHI; y. PAKFUL, AGASTO; M, AGATHI; M’. AGASTA; О. 

Sesbania sesban ЫН Т'. avist р, ant; К. 
Н mA. JOYANTI; B. AINTI ; NI; Н. & P. 

MEE amen Mom Mme Na E E C 

Shorea robusta. (ү rA B, HE oe RAL: E Ei, АК 

KARNA; K, XALA; M. MARAMARAM; M'. S 
ida ЧЕЗНА; О. sara; T SHALAM; GILAN 
Sida Cordifolia.. А, BARIALA. 


А M. DOCE ; T'. NUVVULU К. 
&randiflorg a DES LLU; О. ЕНАЗА, RASHI 


1; М. ковумтногт. M’. CHIRANA; О. 
Р, gmanENTI. OTTI; 
Smilax zeylanica (4° „КАК > T". CHIRUBENDA m; $ 
zey nica (Indian Sarsaparilla) = A. HASTIKARNA-LOTA; B. xo ком. 
uir ENIM + p UXANTI, YOIRFATTI-KANTTI; M’, GHOT VEL; О. 
Solanum ni (ui, P. USHBA; T, KONDATAMARA, PHIRANGI you; Ж 
m nigrum (black nightshade) 4, FOKMOU: В. скі; G. paca! E А 
+ KAR] KACHI GIDA : I, KAKA 3 
KANGANI; М. MULAGUT: Rees * KEMPU KACHI, д MAKO; 
MANATHAKKALI; T. POP > KANGANI; О, NUNNUNIA; P. 
Solanum tuberosum CHETTU 


( a; K 
t = E à. PAPETA; 
ALUGEDDE: M. & Your. B., H, Og P. atoo; С. 


, 
d " ; T’. URUG 
BAGALADUMPA NGU; M’, BATATA; T’. 


hum vulgare (great miller p. jov 
d =A. Toup v. ;H.&P. 7 yy, 
* BILL OLA; K'. гоулд, HAN; B. & G. JUAR; JARA; 
оюмлу ? K’. томлы, М. & T. CHOLAM; M’: Jawar; О. 
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GENDA; K. CHENDU 
P. GENDA, GUTTA; 


APPENDIX II: 


T. 
pees patula (marigold)=A. NanyrHut; B. & H. 
OOVA, SEEME SHAVANTIGE; M'. GULJAPHIRI; О. GENDU; 
rae BANTI 
amarindus indica (tamarind)=A. TETEL; В. TENTU, G. au; H. ЕР. 
MU; К. HUNISE MARA; К'. & М". CHINOS; M. & T. PULG; О. KANYA, 
ты, Т”. CHINTHA 
smaris dioica=A. JHAU-BON; В. & H. BON-JHAU; 
. JAO; О. DISHI-JHAUN, THARTHART; p. PILCHI ) 
Tectona grandis (teak)=A. & B. surcoow; С. & H. SHAGWIN: Я Mm 
Rs SAGUVANI; K'. SAYLO, SAYEL; М. & T. ; БЫЛА 
+sSAGWAN; T’. TEKU А ; 
hespesia populnea (porta txee)=B. D, в. тайакттш Oa E 
ARASPIPAL; К. BUGURI, HOOVARISI, pe 
zt POOVARASU; M’. BENDICHA JHARi О. {НАРА Hi pere. G., H. & 
Eds peruviana (yellow oleander)= Â- po ganer; M. & T. 
. PILA-KANER; К. KADUKASI БАЗАСИНИ а; KONYAR P;ULA; T'. РАСННА- 


fg. SEERE GIDA; K’. z40; 


TANARA M’. PIWALA KANHER; О. 
ONERU Й cma; С. capo; Н. 
Tinospora cordifolia- A. AMOR-LOTM амат Mio M. мину; М". 
АСНА; K. AMRUTA BALLI, M PARNI ГИ ТҮШҮ А 
IND wan of ajwan).=A. JONI-GUTI; 

атмо; M. 


SULvEL; О. cuLUCHI; P. GALE 5, д 
Trachyspermum аттї Carum 50} dic 0, ayawana; К". 
В. jowan; G. AJAMO; H. & P. AJOWAN; NS T ‘OMAMU 
AYAMODAKAM; М”. owa; О. JUAN Т. аш To ИДЕ рвана: K. 
Tagia involucrata (nettle) =А. СНО ar; B. BICHUT S ronrvanany М" KHAJA- 
TURACHI BALLI, CHELURI CIDA; К. KgAJAKOLTS ot 
р у a 
тот О. micHHuATI; T. EANJURS соң; В. ? „ SHENGODA; 
ара natans (water chestnut) =А. SPP veya; Ki UDKAFOL, 7 An 
Н. & р, sncarna; К. KOMBU PE GINGARAKOTTAL, ^7 KUBY: Ru 
KARIMPoLA; M’. SHINGADA; O. sINGADU над; Н. un Les 
Tribulus terrestris - B. GOKHRIKANTA: б. юте Т KERU; О. COKHARA; Р. 
NEGGIEU; К' ‘e M. меки UU 
; K'. сокнки; M. ск С 
BHARRA; T. nerij; T’. PALLERU _„ prynDULt B. A N DAVALAM; 
ichosanthes anguina (snake gourd) = popom, POPOL 
Ma H. cmacumbA; К. РЧ. P. p T. Fo» war; Н. 
ADAE О, CHHACHIN N тү; G. Mo i PT. KOMBUFFUDA- 
‚ PATAS ә . 0. 


T; 5 
Tichosanthes dioica=A. АТОТАМ; 
tap ХАШО PADAVALA; K'. PARVAR; ah p. СЕНИМ; 
Ar; T i i Т. GHODUMAT; 
TAT’. KOMMUPOTLA ; В. COM; ' АНАМА; 
Triticum aestivum (heat) eA Окоп М" бани; 0. © «А 
- Gopi; K’, coum, М. К ? caanagariny, Н. i 
Typ GOTHI, GODUMULU 9-8 3 Le HAUDAGHASA: HOGOLA; 
+ elephantina (elephant oe. ран BANIS! де ! 
NEJONDA, APU, NAREPAT К [ 
T PATIRA; "Г. CHAMBU acs; В. СНТ БА ORAE To e 
»bhoni MA-K: * UNA, 
K onium trilobatum=A- 9" т. gagUN- F^ ў " 
PM EacuzHapp; М. CHEN^; он. & P вАСНАТА; i О. PT- 
'GADDI gan 0895 . М". VAN-P! ; 
тепа lobatg- A. PRON-AGARAT B. ом. оой”; QE 
mA nu E. rm M gruss PPS G, 
сю, x ACHTVANASPATI д 


BENDE, кару THUTHI; Ё: 

аб T. оттатт nm guns 

vecularía sp.=B. ped > 

Vonosparr; М. MULA 
ATUMA DALA 
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Vanda roxburghi (orchid)— A. EOPOU-PHUL; B., H. & P. RASNA; G. RASNA- 
NAI; X. VANDAKA GIDA; K’. MOTTE-BENDOLL, ISPIRIT-SANT; M. MARAVAZHA; 
M'. BANDE; C. RASHNA, MADANGA 

Vangueria spinosa— А. KOTEORA, MOYEN-IENGA; В. & Н. MOYNA; К- 
CHEGU GADDE, ACHHURA MULLU; K'. TERO, ALLU; M’, ALU; О. GURBELI; T. 
MANAKKARAI; T’. SEGAGADDA 


Vigna sinerisis=A. NESERA-MAH; В. BARBATI; Н. BORA; К. ALASANDI, TADA- 
GANI; K'. CHOVLI 


“VAL, OLSANDI; M’ CHAVLI; О. BOR-GADA; P. PAUNG; T. 

THATTAPAYERU; T’. ALACHANDALU 

Vinca rosea (periwinkle)=A. & В. NAYANTARA; H. SADABAHAR; К. KEMPUKASI- 
KANIGALU, TURUKU MALLIGE; K', PERPETIM, NITIPUSHPA, SODDAMFUL; M. 
KASITHUMPA; М". SADAPHULI; О. SADABIHARI; P, RATTAN JOT 

Viscum monoicum (mistletoe) =A. ROGHUMALA; B, BANDA; H. & P. BHANGRA, 

PANDA; K. HASARU BADANIKE; K', BENDOLL; М. ITHTHIL; M’.  JALUNDAR; 
O. MALANGA; T. OTTU 

Vitis trifolia (wild vine) - B. AMAL-LATA; G, KHAT-EHATUMBO; H. & P. AMAL- 
BEL; K. NEERGUNDI, NOCHHI, NEERLAKKI; Қ, DAKUVAL, NINGTTO, AMBOTT- 


› B., Н. & P. ANGOOR; С. MUDRAKA;.K. DRAR- 
; M'. DRAKSHA-veL; О. ANGURA; T 


B. BHIMRAJ, BHRINGARAJ; G., М. & р: 
› CARGARI; K’, HOLDUVO-BHONGRO; M. PEE-KAYYAN 
; О. BHRUNGARAJA Р. 
: ТАКНАМА; B. ASWAGANDHA; G. ASUNDHA; H. & P- 
s = K. ASWAGANDHI, PENNERU, HIRE MADDINA GIDA; K'. ASEANDH; 
Xanthium зц ААМ; М", ASKANDH; О, AJAGANDHA; T". ASVAGANDHI 
К. wur atrium (cockle-bur)=A. acana; B. & Н. OKRA; С. GABIYAN; 
rs t Doum; K’. хлмкеѕнуов; M’. SHANKESAVAR; О. CHOTA GO- 
zs rae (indian o EALAN; T. MARLUMUTTA; Т'. MARULAMATHANGI 
"a ‘an corn er maig). A MAKOI-JoHA; В. вниттл; С. & Ё: 
'zoNNVE, MOKHO: м ОТТА: К. MUSUKINA JOLA, COVINA Jora; K'. BHUTTO, 
о амоно M., M’., & T, MAKKACHOLAM; О. MAKKA; T". MOKEAJONNA 
626 Соры ginger) -A., B. & О. apa; С. ану; Н. Арвлк; К. SHUNTh 
(АША; K'. АМ; М. г" АЕ; P. ADARAK; Т. шу; T’. ALLAM 
овны Hoe p шы ше (Indian pium)=A. "Moa; B. KUL; 9 
"Анти; О. angor; T, pegy. MORE HANNU; К'. & М'. Bon; М. Ё Т. 


Index 


( Numbers followed by f refer to 
illustration pages ) 


Abaca, 467 
belmosch 
" us 
logenesis, несиени, 165, 442- 
тогрРЧоп, 243-6 
Abutilon ‘i фтеса ош); ue 
Acaci indicum, 442 
Aua 60, 68, 134, 171, 448, 40; 
Аарона me ТЬ. ME (арр 448 
са1урћа, 77, TIt, 95, 465 
Ananth i 458-9 
Ace, us ilicifolius, 314 
Aces 134, 184 * 
Acn dl coenzyme A, 282 
JC al Lal 
Acicular, Б 85, 462 
Eng 
Aconite (Aconitum), 438 
«Li Petal, 28, 58 Г 
ааптотогрћіс, 98 
оаа, 85, 95, 102, 488, 459: 
D 107-8 
dietum caudatum, 299, 500 
тае relay 87 
vele, 107; -stipules, 59, sof 
es hous roots, 28-9, 35-8 
Aegle ore (-cium), 369, 569 
Aeren; A. marmelos), 30, 448 
Merea уша, 188, 184 
Ant 82, 315, 314; spp- 462 
Se 1094, ТОН 
FER caryophyllata, 455 
pu 370-72 
e, see Aloe 
Reratum, 458 
А inetes, 322 
EN 
zzia s 
4lbugo, d 448 
quminous & ex-, 20, 129 
jq t mum, 228 
erovanda, 2712, amet 
Ai rone grains, 168, 168f 
Арш, 446 
E ed 919-38; -and fungi 
А 2Ропапсе of-, 819 
dude ids, 82, 173-4 
nda, 455 


318; 


.| Alpinia, 467 


Allelomorphs, 486 

Allium cepa, see onion; 4. sativum, 
see garlic; -spp., 465 а 

Allogamy, 117, 118-25 

Almond, $95; Country-, 135 

Alocasia, 45 

‘Aloe, American- (Agave), 71, 197£, 198, 
974, 301, 5026, 315; Indian- 71, 165, 


274, 918, 465 


Alstonia, 74, 74£, 140, 141f, 454 
462 


Alternanthera, 
Alternation of generations, 318-9, $92, 


399, 406 
Althaea, 119, 442 


Alyssum, 182 
Amaranthus, 85, $14; -spp., 462 


Amaranthaceas, 461-2 


Amaryllis root, 216, 216f 
ids, 169; synthesis of-, 266 


180f 


116, 116f 


Anacardium, 
Analogy, 79 
Ananas comosus, 


Anaphase, 176 


Anatropous, 
ium, 92, 104-9 


Andrographis, 83, 148, 458 
Androphore, 95, 94 
Anemone, 
Anemophily, 
Angiosperms, 
Angular divergence, 75 
Anise, 69, 89, 184 
‘Annona, 136, 136f; -spp.. 495 
Annonaceae, 485-6 

222-3, 222{ 


see pineapple 


3 
121-2, 121f 


Annual rings, - 
Annuals, 5; -nular, 160, 187 


Annulated roots, 95, 35f - 
Annulus, $72, $91, 396 


Anther, 92, 105 
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Antheridium, 837, 389, $97 
Antherozoid, $05, 338, 390, 397 
Anthocephalus, 59, 87, 120 
Anthocyanins, 155 
Antibiotics, 375 
Antigonon, see Corculum 
Antipodal cells, 115, 197 
Apocarpous, 110, 110f 
Apocyaaceae, 453.5 
Apophysis, $91f, 392 
Apothecium, 380, 380f 
Apple, 95, 130f, 131, 135t, 136 
Arachis hypogaea, see groundnut 
Archegonium, 390, 397, 423 
Arc indicator, 286, 287f 
Areca €atechu, 470 
Argemone, 70, 71, 81, 438 
Aril, 129 
Arisaema, 83, 83f 
Aristolochia gigas, 140, 140f 
Armature, 80 
Aroids, 41, 62, 82, 86, 96 
Arrowhead, 62, 78, 79Е, $11 
Arrowroot, 85, 43, 167, 469 
5, 4f, 136, 435, 436f 
Artichoke, Jerusalem., 49 
Artocarpus chaplahsa, 79, 796; 

A, heterophyllus, 79 
Ascent of sap, 255.7 
Asclepias, 89, 132 

onium, 862, 365, 380 

Ascomycetes, 846, 857 
Ascospores (-cus), 346, 362, 365 
Asparagus, 34, 50, 51, 71, 465 
Aspergillus, 363-65 
Asphodel, 118, 465 


Assimilation, 277 

Assimilatory Toots, 38, gar 

ATP (adenosine triphosphate), xiv; 
157, 282 . 

Atropa belladonna, 456 

Autoecious, 966 

Autogamy, 117, 118 

Autonomic, 292 

Autophytes (-totrophic), 7, 269 

Autumn wood, 2221, 223 

Auxanometer, Ley 

Axile, 112, 113¢ 
r0tobacter, 94] 

opore, 333, 850 

Bacca, see 


Baccaurea, H 29, 463 


^ 286, овур 


INDEX 


Bacillus, 349 

Bacteria, 338.44 

Bacteriophage, 345, 345£ 

Balanites, 67, 67£ 

Balanophora, 8, 8£ 

Balloon vine, 49, 49f, 129 

Balsam, 94, 118, 142 

Bamboo (Bambusa), 41, 122, н 

Banana, 64, 86, 96, 96f, 466, 

Banyan, 35, 36f; see also Ficus 

Baobab tree, 2 

Barberry, 70Е, 71 

Bark, 224, 228 

Barleria, 148, 458 

Barley, 20, 167, 471 

Basella, 35, 168, 314 

Basidiocarp, 371, 372 

Basidiomycetes, 846, 366 

Basidiospore, 846, 367, 372 

Basidium, 367, 971£, 872 102, 

Basil, 460£, 461; Ѕасгей-, 74, 90. 
460, 502; Wild-, 461 

Bast, see phloem; -fibres, 189; 
Hard-, 199, 201, 205 

Batatas, see sweet Potato 

Bath spon, e, 140, 450 p 

Bauhinia, 0. 104; B. vahlii, 143, 
1436; -spp., 447 

Bay leaf, 63f, 64, 499 d- 

Bean, 102, 104, 108, 132; mo ^45; 
445; Country-, 15, 15, 22, 22f, 
French., Soya-; Sword-, 445 

Beet, 33, 165 

Begonia, 40, 40f, 62, 88 

Benincasa hispida, 450 430 

Bentham & Hooker's system, 

Berry, 135, 185£ 

Betel, 3, 35, 36f, 129 

Betula, 86, 295 

Bevera; es, 503-4 

Bicollateral, 2021, 205, 208, 208f 

Biennials, 8 

Bilabiate, 102, 102, 459 

Bindweed, Water., 101, 455 

Binomial nomenclature, 428 

Biogenesis, xii 

Biome, 508 

Biophytum sensitivum, 297, 298f 

Biota (-tic factor), 307 

Birch, see Betula 

Bird of Paradise, 467 

Bisexual, 93 

Bittersweet, 456 


INDEX 


Hosen (wort), 73, 786, 272-8, 2788 

Bl ing, 249; -heart, 125 

Blood-flower, 89, 132 

m aguia, 42, 82, 133, 144, 191 

bax, 69, 81 

ne flabellifer, 470 

perder parenchymis, “220 
óugainvillea, 4, 4f, 50, 96, 
т лиш hemp, 83, 185 
Tact (-teole), 95-6, 96f 


96f, 119 
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Candytuít, 86, 100, 132, 439 

Cane (Calamus), 4, 5E, 470 

Cane-sugar, 165 

Canna, 43, 64, 112, 408£, 469; -stem-, 
212-8, 212£ 

Cannabis, 65, 185 

Cannaceae, 468 

Capillarity, 232 

Capillary force, (-water), 243 

Capitulum, 87, 87£, 451 

Capparidaceae, 439-40 


Branchini 
ching, 53-5 i 
Brassica, see mustard, «pb» 438-9 capper 60, 94, 9 spp. 440 
injal, 95, 456 apsella, 
Bristles, 81 Capsicum, 456 
Broomrape, 8, ВЕ, 9 Capsule, 1820, 138, 391, 396 
Tyophyllu "40, 4 Carambola, 297 
Bryophya, V 381 Carbohydrates, 164-7, 257-60 
Buckwheat, 125 133 Carbon, 239; -assimilation, 258; 
ud, 39-41; -scale, 41, 60 -cycle, 289 
Budding, ji 1, 2 в, | Cardamom, 467 
E» is, 191 390. pe 5 Cardanthera, 78, 79£ 
ulb, 44, 45£ Cardiospermum, 49, 49 
Bulbil, 5: Carina 102, 102£ 
ес. Qe m. КУ? Carissa, 496, 50, 80, 454 
Butcher's broom, see Ruscus Carnivora plania, pu 
Бш кар, 433; -root, 215, 215 cas a eu 
rege lily, see Hedychium; "Р Сакай SUE MD 
Clitoria » Я 
Cab Carpophore, 94, 194 
Ups e то 48 а 33, 33E, 69, 86, 194 
Санар А Carthamus tinctorius, 452 
c inü x . -spp- runele, 16, 129 
Ge te оп КЫЧА Caryophyllaceous, 100 
Caesalpini Caryopsis, 188, 185, 470 
o m a Cashew-nut, , 181, 184 
unc ee Саш, 67, 104, 194; spp» MT, m 
CO Eee tha, .8 
Сй, 62 Cad 16, 16r, 295, 23, 468, 464t 
Callose (lus) 188 497-8 
блуп, (6% в, 1256] Сазиагїпё, 2, 52, 71 
n 74, 82, 106, 108; 125, Catabolism, 86 
Gar Catechu, 171, 
(aa e Soir 391 Catkin, 84f, 86 
calpytrogen, 198, 194f С 
tudo a. ing, | Сезоне, 107 LAT 
ашыш, 201, 206, 225; TP | ga, xv, 145-825 P. 148; -theory, 
Gai аа 
© ellia, see tea 1486; Cellulose, 1 
Enix foo ae из, 1486 | Gelosia Рр» А62 4 
“tree, 447 Сепѕег mechanism» 
Campanulate, 101, 1014 Centella, 46 86, 300, 300 
C 1 т 
ашрһог, 64, 499 Centric cu 
tromere, 


c.mpylotropous, 116, 116f 
navalia ensiformis, 
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Centrosome, 156, 156f 
Century plant, sce Agave 
Cephalodia, 378 
Ceratophyllum, 310, 311 
Cereals, 20, 47Í, 492-4 
Cereus, 51, 313 
Cestrum, 119, 457 
Chalaza, 114 
Chemosynthesis, 265 
Chenopodium, 298 
Chestnut, 134, Water-, 
Chiasma, 179 
Chicory (Cichorium), 45? 
Chilli, 99, 456 
China rose, 76,95, 96, 107. 163, 
441f, 442 
Chinese box, 443 
Chitin, 163, 318 
Chlamydomonas, 323.5 
Chlorenchyma, 183 
Chlorophyceac, 323 
Chlorophyll, 154-5, 264.5 
Chloroplasts, 154 
Chlorotic, 239, 264 
Chromatid, 174; -tin, 15) 
Chromoplasm, 321.9 
Chromoplasts, 155 
Chromasomes, 174-7 
Chrysanthemum, 48, 18Р, 459 
Chrysopogon, 144, 472 
Cicer arietinum, see gram 
Cilia, 149, 303 
Cinchona, 82, 139, 141, 174 
Cinnamomum, G4; “spp., 499 
Cinnamon, 64, 499 
Circinate, 394 
Circulation, 150, 150Е 
Cissus quadragularis, 546, 55 
Citric acid Cycle, 289 
Citron, 443 
Citrullus “SPp., 450 
Citrus, 50, 69; Pp., 443 
Cladode, 51-2, Бор 
Cladania, 376, 376€ 
Clausena bentaphylla, 413 
Cleistogamy (mous), 118, 


se Trapa 


118 
Cleistothecium, 303, 365 
Clematis, 6, СЕ, 112, 136, 149 

me » Mif. 
Clerodendron thomsonae, 195 1205F 
Climbers, 3-6 Y 
Clinogyne, 469 

Clinasiat, 296. 296f 


INDEX 


Clitoria, 42, 56, 102-4, 416 
Clostridium, 941 
Cocci, 340 
Coccinca indica, 450 
Cock's comb, 131£, 133, 140, 462 
Cocoa, 504 
Covoloba, 50f, 51 = 
Coconut (Cocos), 142, 470; Double», 
112, 142f, 470 
Codiacum, 463 
Cocnobium, 326 
Cocnocyte (-uc), 335 
ColIce (Coffea), 59, 503-4 
Cohesion, 107; -thcory, 256 
Colcoptile, 18, 19, 95 
Colcorhiza, 18, 19, 24 
Coleus, 29, 29f, 90, 460 
Collenchyma, is3, 184f 
Colocasia, 46, 82, 173 
Colocynth, 450 
Cold cl: ЗІ8Е, 349, 391f, 392 
Commelina, 118, 118, 150 
Companion cell, 188f, 189 
Compositae, 451-3 
Mou balance, 251, 2526 
Concentric bundle, 202f, 203 
Conduction, 218-57 
Conc, 403, 408, 421, 426 
Conical root, 33, 33€ t 
Conidia (-diophorc), 362, 364 332 
Conjugation, 305, 349; tube, 095 
Conjunctive tissue, 214, 216, 77 
Connate, 107 
Connective, 92, 105 
Convolvulaceae, 455 
Coral tree, sce Erythrina 
Corchorus, sce jute 
Corculum, 48f, 49 
Cordate, 62 z 
Coriander, 69, 86, 134; Wild-, 86 
Cork, 223-4, 224f, 227; 
Functions of-, 228 
Cork-cambium, 223,.297 
Cork tree, Indian-, 62 
Corm, 45, 45f 
Corn, fndian-, sce maize 
Corolla, 92, 99.101 
Corona, 103, 103Е 
Cortex, 198, 204 
Corvmb, 86, 86E 452 
Cosmos, 69, 87, 96, 101, 114; 
Costus, 467 


Cotton, 90, 107, 133, 442, 500 
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Cotyledons, 14.5, 27 Decumbent, 42 
Cowage, 6, Bl, 446 Decussate, 74 
Cratacva, 440 Deerringia, 462 
Cremocarp, 134, 134Е Defensive mechanisms, 80-3 
Crepe füower, 95; .trae, 189 Definitive nucleus, 115, 127 
Cress, Garden., 439 Dehiscence, 131 
Crossing, 488; -over, 179 Delonix; see gold mohur 
Crotalaria, 104, 185; -spp., 446 Delphinium, e larkspur 
Goton, Garden, 29, 202, 302, 463 | Denitrification, 240 

roton sparsiflorus, 55, 463 dentate, 60 
Самоа Water. CN 311, 433 Dermatogen, 192, 192f, 198 
Cruciferae, 438-9 Desmodium gyrans, 59, 993, 293, 446 
Uciform, 100, 100f, 438 Devil nettle, 81; -s spittoon, 83; 

Plogams, 317 -tree, 74, 140, 454 
Crystalloid, 168, 168£ De Vries, 483, 488f; -s' theory, 482-8 
Crystals, ‘Mineral-, 172-3 Diadelphous, 108, 108£, 444 
Cubeb, 129 2 Dianthus, see pink 
cucumber, 95, 136, 450 Diastase, 276 
Cucumis spp., 450 Dichasial, 88 

Mcurbita, see gourd; -stem, 206-9, | Dichogamy, 124 
Cua, 208E; -spp., 450 Dichotomous, 55 

"CUrbilacede 449-51 Dicliny (-nous), 123 

ulm, 41 i Dicliptera, 458 


Cumin (Cuminum), 86, 194; Black», | Dicotyledons, 20; -and monocoty. 


133 ledons, 20, 211-2, 217, 431 
urcuma amada, gig, $8; C. domes-| Didynamous, 109, 109f, 458, 459 
сү ® 35; spp., 467 Digestion, 275 
ШУ leaf plant, 443 Digitate, 69 
Сысша Sce dodder Dihybrid cross, 486-7 
Cut@td-apple, 136, 186, 495 Dillenia, 99, 131 
Cycle (tin), 163, 195 | Dimorphic, 125, 125 
CAD ophyreae, 320-2 Dioecious, 124 
ci3hium, 89, gor, 462 Dionaea, 270f, 271 
QU (Cycas), 416-20 Dioscorea, 183, 139Е, 140, 801, 802 
СуЧоліз, 149 Diploid, 176, 319 
CATE (позе), 58, 87.8, ВВ Dipterocarpus, 2, 188, 1396, 140 
C™bopogon, ад ` Disc, 442, 459 
codon, 46, 472 Diseases, Plant-, 978-5 
c)Psela, 133, 133f, 452 Distichous, 75, 75, 470 
суйош, 172, 1726, 458 Dixon and Joly's theory, 256: 
Jstopus, see Albu 70 DNA (deoxyribonucleic acid), 151, 
Ytokinesis, 174. 177 152-3, 158, 268 
Yoplasm, 147 ` Dodder, 7f, 8, 108, 108f, 455 
Шакы Dog grass, 46, 472 
ба ОП, 108 Dolichos lablab, 15, 15t,.99f, 445 
ae Plant, 71, 80, 816, 465 Dominant, 485 
Dalberg 34E, 165, 452 Dorsiventral, 58, 197, 218, 218£ 
Зам "Е Rer redwood авол | Dragon plant (Dracaena), 8, 465 
Баке райы ir, (89, ге theor о, sat Drosera, 26971, 2708 
petra, 82 10 80, ЕРДЕ: 4576 '502 Drumstick, see Moringa 
petas d 1, 133, à 5 r Drupe, 185, 185E 
“ciduous а, See саго Dryopteris, 394, 894f, 895 
por БВ, 99 Duckweed, 28f, 81, 52, ЗЦ 
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Duramen, 223 
Duranta, 49t, 50, 80 


Echinops, 81-9, 318 

Eciipta alba, 455 

Ecosystem, 307 

Ectoplasm, 148 

Egg-apparatus, 115; -cell, 115, 126 

Elaters, 386, 387, 403, 403£ 

Electron microscope, 158 

Elephant ear plant, see Begonia; 
-apple, see Limonia 

Eleuaria, 467 

Eleusine coracana, 471, 494-5 

Embryo, 14, 15, 17 
ot, 127-8, 128£ 

Emblica, 462 

Endarch, 201 

Endocarp, 130 

Endodermis, 198, 204 

Endogenous, 31, 217, 218£ 

Endoplasm, 148 

Endoplasmic reticulum, 157, 157£ 

Endosperm, 17, 18, 116; pev, of-, 
129; nucleus, 115, 127 

Endosporous, 409, 423 

Energy, xiv, 258, 277 

Enhydra fluctuans, 459 

Entada (Е. gigas), 134, 449 

Entomophily, 118-21 

Enzyines, 170, 276-7 

Epiblema, 194.5, 215 

Epicalyx, 96, 44] 

Epicarp, 130 

Epicotyl, 23f, 24 

Epidermis, 195, 203 

Epigeal, 21-3 

Epigyny, 95, 95£ 

Epinasty, 294 

Epipetalous, 108 

Epiphyllous, 464 

Epiphyllum, 50f, 51 

Epiphytes, 10, 37, 37£ 

Epithelium, 18, 20 

Equisetum, 400-6 

Ervatamia coronaria, 45% 

Eryngium foetidum, 86 

Erysiphe, 374 

Erythrina, 68, 81, 446 

Etaerio, 136 

Etiolated, 264, 288, 2851 

шарр, 2, 171, 295 
Ubatorium spp., 453 


‚ 19; Develop, 
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Euphorbia, 82, 89, 134, 190; E. 
Edo 51, 50; -spp., 313, 463. 

Euphorbiaceae, 462-4 

Euryale, 311, 437 

Evolution, 473-83 

Evolvulus spp., 455 

Exalbuminous, 20, 129 

Exarch, 215-7 

Exine, 106 

Exodermis, 215 

Exoecaria, 316 

Exogenous, 31f, 32 

Exudation, 255 


Fagopyrum, 125, 133 

Family, 428 

Fasciculated roots, 34, 34£ 
Fats (and oils), 169-70, 268-9 
Fehling's solution, 165 
Fennel (Foeniculum), 86, 134 
Fermentation, 284-5, 360 


"| Fern, 393-400; Walking-, 299, 3001 
Feronia limonia, see Limonia 


Fertilization, 126-7, 126f, 305; 
Double-, 127 

Fertilizers, 235 

Fever nut, 447; -nettle, 81 

Fibres, 185, 499-500 agit 

Ficus, 90, 90£, 120, 137, 187f, А 
F. pumila, 3, 4f 

Fig, see Ficus 

Filament, 92, 105 

Fission, 341, 341f, 358, 359f 

Flagella, 339 

Flax, 185 

Flea seed, 163 

Fleurya, sce Laportea 31-2 

Floral diagram & formula, 4 dificd 

Flower, 91, 91f, 92, 92f; -a modi 
shoot, 97-8 

Fluorescence, 155 

Follicle, 132, 132f 

Food, 164, 257 

Fossils, 474 

Four o'clock plant, 33, 33f, 5 
133, 133£ я 

Fragaria, 46-7, 47, 30 

Free cell formation, 180, 180f 

Fructification, 370f, 371 5 

Fruit, 130.9; .dispersal, 1585202 

Fungus (-рі), 316-75; Importa 
347 


4, 16 


е ОЁ” 
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Funicle, 114 


Fusiform rout, 32, 33£ 


350 


Gametangium, * 
196, 305, 324, 350 


Gametes, 106, 

Gamopetalous, 100 

Gamophyllous, 464 

Gamosepalous, 99 

Garlic, 45, 465, 501 

Gemma (-cup), 299, 299f, 885, 385f 

Gemmation, see budding 

Gene, 478 

eon cell (-nucleus), 106, 126, 
23 

Genetics, 483.9 

Genetic spiral, 75 

Genus (-nera), 428 

Geotropism, 295-7 

Gerbera, 998 

Geranium, 134 

Germination, 21-7 

Germ pore, 106, 126; -tube, 355 

Gills, 370f, 371f, 872 

Ginger, 43, 43£, 64, 75, 467; 
Мапро-, 81f, 35, 467 

Glabrous, .61 

Gladiolus, 45f, 46 

Gland (-dular tissue), 190, 190f 

Glaucous, 61 

Globba bulbilfera, 801, 301£, 467 

Globoid; 168, 168f 

Glory of the garden, see Bougain- 
villea 4 

Glory Шу (Gloriosa), 6, 6E, 69f, 70, 
465 

Glucose, 164 

Glumes, 17, 96, 470 

Glutamic acid, 266 

Glycine max, see soya-bean 

Glycogen, 167, 318, 358 

Glycolysis, 281 П 

Glycosmis arborca, 448 

Gnaphalium, 82, 313 

Gold mohur, 85, 92, 92f, 447; 
Dwarf-, 68, 85. 104, 447, 446f 

Golgi bodies, 156f, 157 

Gonidia (-dangium), 348 

Gooseberry, 1101, 135, 456; Wild-, 
458 

Gossypium, sce cotton 

Gourd, 95, 135. 450, 450; -seed, 21, 
21f; -stem, 206-9, 2076, 208f 

Grafting, 302, 303f, 804f 
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Gram (Bengal-), 108, 444; -root, 218-5 
214£ ; -secd, 18, 13f, 23, 23f; Black., 
Green-, Red., 444, 496 f 

Gramineae, 470-2 

Grand period of growth, 289-90 

Grape, 135, 165; fruit, 443; -sugar, 
164 

Grasses, 75, 85, 96, 122, 471 

Groundnut, 59, 134, 295, 295f, 446, 
497; -oil, 497 

Ground tissue, 208 

Growth, 286-90; secondary-, 221-8 

Guard cells, 195, 196f 

Guava, 74, 95, 185, 225 

Gum, 171; -tree, see Acacia 

Guttation, 255 

Gymnosperms, 416, 428 

Gynandrophore, 94 

Gynandropsis, 69, 93f, 94-7, 440, 
440Е 

Gynandrous, 108 

Gynobasic style, 111, 1116, 460 

Gynoecium, 92, 109-12 

Gynophore, 93f, 94, 94f 


‘Hairs, 81, 82; Glandular-, 82; Sting. 


ing-, 81, 82f 
Halophytes, 314-6 
Hamelia, 88 
Haploid, 178, 319 
Haptotropism, 294 
Hastate, 62 
Haustorium (-ria), 7f, 8, 86-7 
Head, see capitulum 
Ueart-wood, 223 
Hedera helix, see ivy 
Hedychium, 106, 467, 468f 
Helianthus, see sunflower 
Helicoid, 54, 88, 88f 
Heliotrope, 88 
Heliotropic (-ism) chamber, 294 
Hemerocallis, 88, 465 
Hemiphragma, 79. 79f 
Hemp, 95, 185; Bowstring, 83, 185, 
465; Deccan-, 185, 442; Indian- or 
sunn-, 185. 446 
Heredity, 477-8 
Heritiera, 26. 316 
Herkogamy, 125 
Hermaphrodite, 93 
Hesperidium, 135, 196, 442 
Heteroecious, 866 
Heterocysts, 322 
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Heterogametes, 305, 817 
Heterophylly, 78-9, 311 
Heterophytes (-rotrophic), 7, 269 
Heterosis, 489 
Heterosporous, 408 
Heterostyly, 194-5, 1244 
Heterothallic, 327, 368 
Heterozygous, 487 
Hibiscus, see China rose; H. muta- 
bilis, 98; -spp., 449 
Hilum, 134, 15, 114, 166 
Hiptage, 6, 183, 134, 140 
Holarrhena antidysenterica, 453 
Holdfast, 8, 329, 335 
Hollyhock, 113, 449 
Holmskioldia, 60 
Homogamy, 118 
Homology, 79 
Homosporous, 403 
Homothallic, 827 
Homozygous, 487 
Hopea, 183, 184t 
Hordeum vulgare, 471 
Hormogonia, 321.9 
Hormone, 290 
Hornwort, 310.1 
Hoya, 8, 35, 182 
Humus, 234 
Hyaloplasm, 148 
Hybrid (-vigour), 489 
Hybridization, 488 
Hydrilla, 122, 149, 310-1 
Hydrophily, 122, 122 
Hydrophytes, 309.11 
Hydroponics, 238 
Hydrostatic, 244 
Hydrotropism, 297, 2078 
Hymenium, 371f, 972 
Hypanthodium, 90, 90f 
Hyphaene, 55, 470 
Hypha (-ae), 318, 348 
Hypocotyl, 22, эор 
Hypodermis, 198, 204 
Hypogeal, 23-5 
Hypogyny, 94-5, 95f 
Hyponasty, 294 
Hypophysis cell, 198 


Iberis, 139, 489 
Imbibition theory, 256.7 
mbricate, 104, 104f 
mparipinnate, 67 
Mbatiens, see balsam 


INDEX 


Imperata, 472 

Indian corn, see maize 

Indian pipe, 9, 10f 
India-rubber plant, 35, 172 
Indusium, 395, 396£ 
Inflorescence, 84-91 
Inheritance, 478; Laws of-, 485-6 
Innate, 106, 107f 
Integuments, 18, 114 
Interfascicular cambium, 221 
Interpetiolàr stipules, 59, 59£ 
Intine, 106 

Intramolecular respiration, 279 
Inulin, 165, 165£ 

Involucre, 87, 96, 96f 386 
Ipecac, 35, 85f 

Tpomoea, 101, 455; -spp., 455 
Tris; 112, 195 

Iron, 239 

Irritability, xix, 292 

Isidia, 378 

Isobilateral, 58, 197, 220, 220f 
Isogametes, 317, 324, 349 
Isogamy, 305, 318, 324 

Ivy, 8, 36; Indian-, 8, 4f, 36 
Txora, 59, 89, 101, 108 


Jack, 41, 60, 79; 137 

Jaculator, 142f, 148 

Jasmine (Jasminum), 89, 119; 
Night., 88, 101, 119, 142 

Jatropha, 82, 184; -spp., 468 

Jerusalem thorn, 71f, 72, 449 

Jew's slipper, 89, 462 

Jussiaca repens, 86, 37£ 

Jute, 185, 500 


Kaempferia, 467 
Kalanchoe, 800, 301£ 
Karyokinesis, see mitosis 
Keel, 102, 102 
Ketoglutaric acid, 282 
Knop's nor, cul. sol., 286 
Krebs cycle, 282. 283 


Labiatae, 459-61 

Laburnum, Indian-, 184, 447 

Lactuca, 452 8. 

Lady's finger, 96, 107, 113, 133, 16 
442; -umbrella, 60 

Lagenaria siceraria, 450 

Lagerstroemia, 188, 189 478-9 

Lamarck, 479, 479f ; -'s theory, 


INDEX 


Laportea, 81 
Larkspur, 97, 136, 140, 433 


Latex, 82, 178; cells, 189f, 190; 
"Vessels, 189f, 190 


Lathyrus, 5p 6, gop 70, 446; -spp., 
446 


Lavender (Lavandula), 460 3j 
Leaf, 56.79, 218-20; -clasp, 251, 251f; 
pactions of-, 77-80 
4 


» 


me, 18}, ]gof 

Leguminosae, 444 

Lemma, 85,” 479 

emna, see duckweed 

Lemon, 50, 69, 80, 118, 196, 448; 
"Brass, 47] 

Lenticel, 295, gone 

Lentil (Lens culinaris), 444 
onurus, 90, 102-9, 461, 4cir 

Lepidium sativum, 439 

T 452; Water-, sce Pistia 
cas, 109; -spp., 46] 

Leucoplasts, a 

Lianes, 6 

Lichens, 10, sj» 375.91 

Light and dark reactions, 259.60 

Light screen, 261, эбзе 

Lignin Cnification), 160-2 

Ligule, 407, 470 

Ligulate, 102f, 103 

Lilac, Persian., 69 

Liliaceae, 464-65 


ily, 45, 113, 465; Butterfly-, 467, 


Limnophila heterophylla, 78, $11 
Onin acidissima, 443 


i ed (Linum), 195, 168, 185 
Lipase, 169, 968 


iquorice, Indian, 42 
22 


ments 142, 142f, 470 
um, ]sst 194 
Loofah 0 

» See 
Loranthus, 4 th sponge 


Тош, 94. 94£, 110, 110, 142, 437 
Ove thorn, 144, 472 
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Lucerne, 446 

Lufja spp., 450 

Lupin (Lupinus), 69 446 
Lycopersicum, 456 
Lyrate, 62, 62f 
Lysigenous cavity, 181-2 
Lysosomes, 156f, 158 


Madar, see Calotropis 

Magnesium, 238 

Magnolia, 60, 94, 110, 435 

Magnoliaceae, 484-35 

Maize, 121f, 122, 471, 472, 472, 494 
“Brain, 18, 19f, 246, 25; -stem, 209. 
11, 210f, 211f 

Mallow (Malva), 442 

Malvaceae, 441-42 

Mamnfoth tree, xxix, 2 

Mango (Mangifera), 28, 185; 
34f, 35 

Mangosteen, Wild, 101, 129 

Mangrove, 815, 915f 

Manihot esculentus, 468 

Manometer, 249, 949f 

Manuring, 235 

Maple, 184, 184 

Maranta, 35; "Spp., 469 

Marantaceae, 469 

Margarine, 497 

Margosa, 67, 88 

Marigold, 87, 96, 108, 452 

Marjoram, 46] 

Marking nut, 180f, 7181, 134 

Marsilea, 411-15: 

Martynia (M. annua), 144, 144f 

Mast tree, 186, 435 

Mechanical tissues, 191-2 

Medicago Sativa, 446 

Medicinal plants, 501-2 

Medulla (-ary rays), 199, 205 

Meiosis, 178-9; -and Mitosis, 179.80 

Melon & Water., 185, 450; Musk., 
450 ` 

Mendel, 487-88, 488f; 
484-87 

Mentha, see mint 

Mericarp, 184 

Meristem (matic), .189, 192.4 

Mesocarp, 180 Ü 

Mesophyll, 2J8f, 919 

Mesophytes, 311-19 

Metabolism, 285.86 

Metamorphoses, 48-59 


‘ginger 


-8 experiments, 
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Metaphase, 175 
Metaphloem, 210, 211 
Metaxylem, 201, 206, 210 
Michelia, 94, 110, 136, 484f, 435 
Microbes, 338 
Micropyle, 13, 14, 115 
Middle lamella, 158, 159f 
Mildews, 352, 874 
Millets, 20, 471, 494.95 
Mimicry, 83 
Mimosa, 68, 87, 134, 297, 298f, 448 
Mimoseae, 448-49 
Mineral crystals, 179 
Mint (Mentha), 48, 83, 90, 460 
Mirabilis, see four o'clock plant 
Mistletoe, 8, 9f, 144 
Mitochondria, 156-7, 156£, 157t 
Mitosis, 174-7; -and meiosis, 179.80 
oll's experiment, 262, 263f 
Momordica, spp., 450 
Monadelphous, 107, 108Е, 441 
Monilifarm Toots, 35, 35f 
Monk's hood, 433 
Monochasial, 88 
Monocotyledons, 20; 
and-, 20, 211-12, 
Monoecious, 194 
Monohybrid cross, 484-85 
Monopodial (-dium), 53 
Monotropa, 9, |of 
Moon flower, 455 S 
Moringa, 68, 139, 139f 
Morning glory, 101, 455 
Morus, see mulbe; 
Mosaic, Leaf., 77, Tit 
Moss, 888-93; and 
Mould, 347, 361, 
Movements 1, X 
Mucilage, 163 
Mucor, 347.51 
Mucuna, 6, 81, 446 
Mulberry, 84f, 86, 137, 
Murraya spp., 448 
Musa, 466, 467, 467Е 
Musaceae, 466-67 
Mushroom, 
Mussaenda, 
Mustard, 11, 
438, 4396 
; Mutation, 477, 482.85 
Mycelium, 347-8 
Tycorrhiza. 9 


Dicotyledons - 
217, 431 


-fern, 400 
363 
IX, 299.8 


137Е 


see Agaricus 
97, 97£, 99, 119 


11£, 95, 100, 109, 139, 
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Myristica, 498.99 
Myrobalan, 171, 462 


Napiform root, 32, 33f 

аео, 70, 70£, 136, 141, 141, 
433 ы 

Nasties (tic movements), 297 

Nasturium, Garden-, 62, 120 

Nasturtium indicum, 439 

Natural selection, 481 

Nectar (-y) 119 

Nelumbo rum 

Nepenthes, see pitcher pla 

Nerium, see oleander 

Nettles, 81, 191 

Nicker bean, 134, 449 

Nicotiana, 82, 11б, 458 

Nigella sativa, 43 ` 

Nightshade, -Black-, 457f, 458; 
Deadly-, 456 

Nitrification, 240 * 

УЕ & Nitrosomonas, “240 

Nitrogen, 240-3; -cycle, 243 

Nodes, Inter-, 32, 39 

Nodules, 242, 249f 

Nodulose roots, 34, 34f 5 

Nomenclature, Binomial-, 42 

Noon flower, 106 

Normal culture sol., 236 

Nostoc, 821.99, 899f 

Nucellus, 114 

Nuclear авг и 

Nuclear spindle, 1 

Nucleic К 152; see DNA 151 

Nuclein, -cleolus, еер, 15 

Nucleoprotein, 151; -cleotide, 

Nucleus, 147, 150-3 

Nut, 134; -meg, 129, 498-99 

Nutation, 293 

Nux-vomica, 82, 174 

Nyctanthes, 101, 119 


i 1; 
Oils, see fats; Essential-, 17 
497-98 


s 
(=Nelumbium), see lot 


g RNA 


57 
Nyctinasty, 297 CMT AE 
nde see water lily; -SPP 
Nymphaeaceae, 436-37 
Oak, 86, 134; Cork-, 163 
Oat, 20 
Ochreate stipules, 59f, $0 460. 4608 
(Ocimum, 74, 90, 102, DAR 

461, 502; -spp., 460, Dep 
Oenothera lamarckiana, i 
Offset, 47, 47£ see! 
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Old man's beard, 377, 577 

Oleander, 74, 108, 197Е, 198, 454f, 
455; Yellow-, 101, 453 

Onion, 44f, 45, 118, 465, 466£ 

Oogamy, 318 

Oogonium, 337, 356 

Oosphere, see egg-cell 

Oospore, 127, 305, 838, 390, 398 

Operculina turpethum, 455 

Operculum, 39], 391f 

Opuntia, 50f, 51, 70, 81, 313 

Orange, 57, 69, 118, 135f, 136, 443 

Orbicular, 69 

Orchids, 37, s7t, 106, 118, 125, 141 

Origanum, 461 


Orobanche, 8, ЗЕ | 


Oroxylum, 68, 138, 139 

Orthostichy, 75 

Orthotropous, 116, 116f 

Oryza satiza, see rice 

Oscillatoria, 320-21, 320f 

Osmosis, 244-6, 245f 

Ostiole, 369, 385 

Ovary, 93, 110, 111, 126, 126Е 

Ovate, 61 

Ovule, 93, 110, 114-6, 114f; Forms of-, 
116, 116£ 

Ovuliferous scale, 422, 423f 

Ovum, see -cell 

Oxalis, 46, ie. 60, 125, 301, 302f 


Paddy, see rice 

Paederia foetida, 88 

Pagoda tree, see temple tree 
Palaeontology, xxvii, 474-75 
Palea, 85, 470 

Palisade parenchyma, 218f, 219 
Palmae, 469-70 

Palmate leaf, 69 ( 
Palmatifid, (-tipartite, -tisect), 65 
Palms, 41, 86, 96, 122, 470 
Pandanus, see screwpine 
Panicle, 85, 85f, 89 

Panicum, 471 / 
Pansy, 118, 125 

Papaver, 498; see poppy 
Papaveraceae, 437-38 

Papaw, 64, 82, 118, 185- 
Papilionaceae, 444-46 
Papilionaceous, 101, 102f, 444 
Pappus, 99, 140, 141£, 451 
Parachute mechanism, 140 


Paraphysis (ses), 368, 872, 389 
arasites, 7.9 


535 


Paratonic, 292 

Parenchyma, 188, 184f 

Parietal, 118, 118f 

Paripinnate, 67 

Parkinsonia, 71f, 72, 449 

Parmelia, 376, 376Е 

Parthenocarpic (-py), 130, 306 

Parthenogenesis, 305. 

Parthenospore, 333, 350 

Passion-flower (Passiflora), Бї, 6, 481, 
49, 93f, 94, 108, 108f 

Patchouli, 460 

Pasteur, 338, 360, 473 

Pea (Pisum), 5t, 6, 69f, 70, 102, 102£, 
104, 108, 444, 445f; "seed, 14, 146, 
28, 23f, 24; Butterfly-, Cow., Sweet-, 
Pigeon-, 444, 445, 446; Wild-, 5f, 
6, 69f, 70, 446 

Peach, 95 

Peacock flower, 447 

Pear, 95, 97, 131, 136; Prickly-, see 
Opuntia 

Pedate, 62, 62f 

Pedicel, 85, 91; -duncle, 85 

Pedilanthus, 89, 469 

Peepul, see Ficus А 

Pelican flower, 140 140f 

Penicillin, 361, 375 

Penicillium, 361-63 

Pennisetum typhoideum, 471, 495 

Pennywort, Indian-, see Centella 

Pentamerous, 99 

Pentapetes, 106 

Pentastichous, 76, 76£ 

Peperomia, 62, 255 

Pepo, 135, 185f 

Pepper, Black., 
Red-, 456 - 

Perianth, 98, 466 

Periblem, 192f, 198, 194 

Pericarp, 130 

Perichaetium, 586 

Pericycle, 198, 208, 214 

Peridium, 368, 365, 370 

Perigyny, 95, 95¢. 

Perisperm, 17, 129 

Peristome, 390f, 391, 891f 

Perithecia, 380 

Periwinkle, 82, 101, 136, 454£, 455 

Personate, 102f, 103 

Petal, 82, 99 

Petiole, 12, 57 

Petunia, 101, 118, 457 


35; Long., 3, 35; 
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Phanerogams, XXV, 429 
Phaseolus, 444, 445, 496 
Phellogen, 223, 227 

Pholem (or bast), 187-9, 201, 206 
Phlox, 143, 295 

Phoenix sylvestris, 470 
Phosphoglyceric acid, 259, 282 
Phosphorus, 239 

Photolysis, 259 

Photosynthesis, 257-65, 261£ 
Phototropism, 294 

Phragmites, 471 

Phycomycetes, 346, 347 
Phyllocactus, 51, 51£ 
Phylloclade, 50-1, 50£, 51f 
Phyllode, 57, 71£, 71-2 
Phyllotaxy, 73.7 

Physalis, 456, 458 
Phytophthora, 353.57, 373 
Pileus, 370f, 372 

Piliferous layer, 195, 218, 217 
Pine (Pinus), 420-26; 5рр., 421 
Pineapple, 98, 137, 187Е, 301, 305 


Pink (Dianthus), gg, 100, 106, 113 
Pinna, 394 


Pinnate, 67-9 

Pinnatifid, (-tipartite, 

Piper, 3, 35, 36f, 116 

Pistia, 47, 47£ 

Pistil, see gynoecium 

Pistillode, 110 

Pisum sativum, 

Pit, 161, 161f 

Pitcher (-plant), 6, 72, 726, 2716, 279 

Pith, 199, 205 

Pithecolobium spp., 448 

Placenta (tation), 112-14, 113¢ 

Plant. breeding, 488-89; 
portance of-, 490.9] 

Plants and animals, ХХІ, 308 

Plasma. membrane, 148, 160 

; Plasmódesma, 159, 1596 

Plasmolysis, 247-8, 947f 

Plastids, 154.5 

Plerome, 199f, 193, 194 

Plum, 95, 135; Indian., 60, 60f, 64 

Plumeria rubra, 54, 455 

Plumule, 14, 15. 

Pneumatophore, 33, 34f, 315, 315f 

Pod, 132, 139r 

Pogostemon, 460 

Poinciana, 446f, 447 

Poinsettia, 89, 89f, 119, 463, 463f 


-tisect), 65 


» Sce pea 


Economic im. 
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Polanisia, 440 

Polianthes tuberosa, see tuberose 

Pollen grain, 92, 105, 106, 421; -sac, 
92, 105; -tube, 105Е, 106, 126, 425 

Pollination, 117-25; Cross-, 117, 
118-25; Contrivances for-, 123-5; 
Self-, 117, 118 

Pollinium, 106, 106£ 

Polyadelphous, 108, 108£, 442 

Polyalthia, 53, 136, 435-6 

Polyembryony, 425 

Polygonum, 596, 60, 116 

Polypetalous, 100 

Polyphyllous, 464 

Polysepalous, 99 

Pome, 135f, 186 

Pom: ranate, 80 

Poppy (Garden-, Opium-), 173, 190 
138; Mexican- or Prickly-, see 
Argemone 

Portia tree, 442 

Portulaca, 78, 274, 298 

Potassium, 238 i 

Potato, 43, 44f, 167, 456; Sweet-, 33 
34f, 40, 455 

Pothos, 3, 35 

Potometer, Darwin’s-, 253, 253f; 
Ganong's., 251, 252£ 

Prickles, 4, 5f, 50, 80-1 

Primrose, 194, 125 

Procambium, 193 

Proembryo, 425 

Promeristem, 192, 193 

Promycelium, 351 

Prophase, 174 

Prop roots, 35, 36f 

Prosopis (P. spicigera), 81, 449 

Protandry. (rous), 124 

Proteins, 167-8, 265-8 

Prothallus, 896, 897f 

Protoderm, 194 

Protogyny, 124 

Protonema, 392, 399f 

Protophloem, 201, 211 

Protoplasm, XVI, 147-50 

Protoxylem, 201, 206, 210 

Prune (Prunus), 50, 100 ч 149 

Pseudobulb, 57, 57f,; dopodia, D 

Pteridophyta, xxii, 317, 393 

Pteris, 394, 394£, 395 

Pterospermum, 93f, 94, 106 

Puccinia, 366-70, 373 

Pulsation, 293; -theory, 257 
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Pulses, 169, 444, 495-96 
Pulvinus, 56, 444 


Pummelo, 57, 69, 108, 136, 443 
Pumpkin, 450 


Pycnia, 368, 368£ 
Pycnidia (-diospores), 379 
Pyrenoids, 329, 331 

Pyruvic acid, 282 


Quamoclit binnata, 65, 455 

Queen of the night, 119, 457 
Quercus, see oak 
Quinine, 82, 174 


Quisqualis, see Rangoon creeper 


Raceme (mose), 53, 84, 8f4 
Rachis, 66 


Radial bundle, 202, 214, 217 
Radicle, 14, 15, 17 


Radish, 32, ззр 109, 132, 438 
Rafflesia, 9, ор 
Railway creeper, 101, 455, 4t6f 
Rain tree, 67, 448 

amenta, 894 

amie, see rhea 
Rangoon creeper, 74, 119 
anunculaceae, 383 


nunculus, 78, 311, 433, 434f; -root, 
215, 215¢ 


ape, 109, 113 
aphanus sativus, see radish 
Raphe, 14, 15, 16, 17, 114 
Raphides, 1726, 173 
Raspberry, 136, 136£ 
Ufewort, 104, 108, 446 
auwolfia, 139, 453 
Ravenala, 75, 75, 467 
tacle, 85, 384 
ce 485 
Reduction division, 
Wood, Giant., 
471; 


see meiosis 


2; Indian., 446, 502. 
Giant-, 471 


„е 


thesis, ову 


Respiratory cavity, 197, 1978, 219; 
Toots, gg. ЗИ, 361, 37, 315, sist 


7-85; -апа photosyn- 
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Respiroscope, 279 
Rhea, 185 
Rhizoid; 384, 389, 397 
Rhizobium radicicola, 24) 
Rhizome, 43, 4sf 
Rhizophore, 406f, 407 
Rhizophora, 26, 35, 316 
Rhizopus, 351, 350 
Ribosomes, 157f, 158, 268 
Riccia, 381.84 
Rice, 133, 167, 471, 
“grain, 17, 18f, 23¢ 
Ricinus, see castor 
RNA (ribonucleic acid), 151, 152, 268 
Root, 28-39, 218-8; -apex, 198-4, 1946; 
„сар, 28, 29, Sof; chairs, 11, 30, 31, 


213; "pressure, 248-50, 256 
Rootstock, 4$ 


Rorippa indica, 439 
Rosaceous, 100, 100€ 


Rose (Rosa), 8, 4t, 95, 97, 97£, 110, 
131 


Rose-apple, 193 
Rosemary (Rosmarinus), 460 
Rotate, 101, 101£ 

Rotation of crops, 249. 


plasm, 149, 1508 — 
Rozelle, 442 


Rubus, 136, 136 


Ruellia, 34, 142f, 143, 458 
Rungia, 458 
Runner, 45, 46t 


Ruscus, 5|, 52t, 465 
‘Rush, 88 


Rust, 366, 375 
Rutaceae, 442.43 


471f, 492.99; 


of proto. 


Saccharomyces, see yeast 
Saccharun » See sugarcane 
Safflower, 87 

Sage (Salvia), 107, 12) 
Sagittaria, 


» 121, 460 
Sal 


78, 796, 311 
еа 


„ зее ВотЬах 


(Salsola), 314 
Samara, 133 


- 134; Double., 
Samaroid, 134 
Sandalwood 
Sandwich Island clim 
Sansevieria, 83, 185, 
Sapria, 9 
Saprophytes, 9, 108 
Sap-wood, 293 S 


Saltwort 


134 


(Santalum), goi 


ber, age, 
46 49 
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Saraca (S. indica), 54, 67, 447 

Sarsaparilla, sce Smilax 

Scalariform, 160, 160f, 187 

Scale, 41, 44, 71 

Scape, 41 

Schizocarp, 134 

Schizogenous cavity, 181, "181f 

Schizomyeetes, see bacteria 

Scilamineae, 465-69 

Sclerenchyma, 184-5, 185f 

Sclerotic cells, 185, 185f 

Scorpioid, 54, 88, 88f 

Screwpine, 28f, 81, 35, 36f 

Scutellum, 18, 19, 20 

Sea blite (Suaeda), 314 

Secretory tissues, 189-9] . 

Sedges, 75, 96, 192 

Sedum, 110, 110£ 

Secd, 13.28, 127.80; dispersal, 188-45 

Seismonasty, 297, 298f 

Selaginella, 406-11 

Sclf-sterility, 124 

Sensitive plant, see Mimosa; -wood- 
sorrel, see. Biophytum 

Sepals, 92, 99; Sequoia, xxviii, 2 

Sesbania, 67; -spp., 445, 446 

Seta, 387, 891 

Shaddock, see pummelo 

Shallot, 465 

Shealh, 56, 210, 218, 220 

Shepherd's purse, 132 

Shorea, 191, 1846, 139f, 140 

Sida cordifolia, 442 

Sieve-plate & -tube, 188, 188f 

Silicula, 182, 438 

Siliqua, 132, 182f, 438 

Silk cotton tree, 69, 81, 108 

Sinuous, 449 

Sleep mqvement, 297 

Smilax, 57, 57£, 70, 465 

Smut, 374 

Snake plant, 83, 83f 

Snapdragon, 102f, 103, 121 

Soils, 231-5 

Solanaceae, 455.58 

Solanum tuberosum, see Potato; 
S. nigrum, 457€, 458; -spp., 456 

Somatic cell-division, 174-7 

Sonneratia, 26. 316 

Soredia, 3776, 378 

Sorghum vulgare, 47], 495 

Sorosis, 137, 137€ 

Sorrel, 116; Wood-, 
Sorus (ri), 995, sogr 


see Oxalis 


INDEX 


Soya-bean, 168, 445 

Spadix (-athe), 85£, 86, 95-6 

Spear grass, 144 

Species, 427; Origin of-, 480 

aa 368, Seat, 369, 379, 880 

Spermatophytes, xxv 

Spermogonia, 368, 368f, 379, 880 

Sphaero-crystals, 173, 173£ 

Spices, 498.99 

Spiderwort, 150 408 

Spike, 84f, 85; Sporangiferous-, 

408 

Spikelet, 84f, 85, 470 

Spinach, Indian-, 85, 163, 814 

Spine, 70, 80 

Spirogyra, 331-5; -and Mucor, 951 

Spongy parenchyma, 218f, 219 

Sporangiophore, 948, 951 

Sporangium (.gia), 348, 895 499; 

Spore, .302, 348; Mega-, 408, 409, z 
Micro-, 408, 410, 421 

Sporocarp, 412, 412f, 419f 

Sporogonium, 387, $91, 391f 

Sporophyll, 395, 402; Mega-, 408 
421; Micro-, 408, 421 

Sporophyte, 319, 891, 995 

Spring-wood, 222f, 929 

SERGU dat plant, sce Bryophyllum 

Spur, 119, 1208 

Spurges, 82, 89, 319, 463 

Squash, 136 

Stamen, 92, 105 

Staminode, 106 y 

Starch, 165.7; -print, 261, 262f; 
-sheath, 198, 205 

Stele, 193, 199 92 

Stem, 89.56, 203-18; -apex, 192, 

Sterigma, 362, 968, 371, 972 

Stigma, 99, 112 

Stilt roots, 35, 96f, 315, 815f 

Stinging hairs, 81, 82Ё 

Stipe, 370£, 972 

Stipel, 59 

Stipules, 56, 58-60 

Stolon, 47, 47£ 

Stoma, 78, 195-8, 196f, 197f 

Stomium, 896, 396f 

Stone cells, 185; -crop, 110 

Storage, 273-75 

siaban, 46, 136; Wild-, 47 
47£, 800 

Striga, 9 

Strobilus, 403 


1921 


INDEX 


Struggle for existence, 480 
Strycnnos, see nux-vomica 
Style, 93, 111 

Suberin (-ization), 163 
Sucker, 47-8, 48E 

Sucking Toots, sce haustoria 
Sucrose, 165 : 
Sugarcane, 122, 165, 471 
Sugars, 164-5 

Sulphur, 237 


Sunde, 269-71, 270£ 
Suntiower, 87, 87£, 96, 101, 108, 120, 
452, 452f; 


“stem, 203-6, 205f 
Survival of the fittest, 481 
Suspensor, 128, 425 

Suture, 11, 112 

Sweet flag, 203 

Sweet. potato, 30, 33, 33t, 40 
Syconus, 137, 137€ 

Symbionts (-biosis), 10, 376 
Symbiotic bacteria, 241 
Symmetry, 98.9 

Sympodial, 54, 54£ 

Synapsis, 179 

Syncarpous, 109Ё, 110 
Synergids, 115, 127 


YhBenesious, 108, 108f, 451 
Syzygium, 123 


Tagetes patula 
amarind (Ta, 
Tamarix, 313 


» Sce marigold 
marindus), 21, 447 


pBraph plant, Indian-, 59, 134, 
293, 293, 446 
elios, 


-Ә3роге, 867, 367£ 


‚ 116 
Pagoda) tree, 54, 455 
* SE. 486. 47, 498, 69-70 
. 270 
eua, is 
aal» 14, 16, 129 
Teedynamous, 109, 1092, 438 
Mamus, 91, оре os. 97 
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Thallophyta, 317 

Thea, sec tea 

Theobroma, see cocoa 

Thespesia, 442, 

Thevetia, 101 453 

Thistle, Globe-, 81, 89, 313 

Thorn, 49-50,.49t, 80; and prickle, 
50, 80-1 

Thorn-apple, see Datura 

Three bean experiment, 

Thunbergia, 458 

Thyme (1 лутиѕ), 460 

Tiger's nail, 144, 1444 

Timber, 502-3 

Tinospora, 38 

Tissue, 182-9]; System, 194.203 

Tobacco, 82, 176, 45 


26-7, 271 


6; Wild-, 458 
Tomato, 118, 135, 456 
Tonoplasm, 148 
Torus, 161, 162£ 
Trabevula (Час), 392, 407 
Trace elements, 236, 238 
Tracer method, 259 
Trachea (-eae),- sce vessels 
Tracheid, 186, 186f 


Tractile fibres, 176 
Tradescantia, 150 
Tragia, 81, 463 
Trama, 371f, 872 
Translocation, 273 
Transpiration, 250-6; 
Trapa, 38, 38f 
Traveller's joy, 
see Ravenala 
Tribulus terrestris, 313 
Trichogyne, 365, 8796, 380 
Trichosanthes SPP., 450 
Tridax, 452f, 453 
Trimerous, 99 
Tristichous, 75, 768 
Triticum aestivum, 
Tropisms, 294.7 
Tube-nucleus, 106, 
Tuber, -48, 44f 
Tubercles, 94 
Tuberose, 41 


“current, 255 


see Naravelia; "tree, 


see wheat 


126, 493 


2, одор, 444 
» 45, 85r 


Turgor pressure, 
Turmeric, 35, 48, 64, 467 
Turnip, 33, 836, 109, 439 
Twiners, 6 


Typhonium, 85, gsr 


246 
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Ulothrix, 328-31 

Umbel, 86, 86f 

Uncaria, 4, 4£ _ 

Unona discolor, 435 

Uredium (-dospore), 366, 366f 
Urena (U. lobata), 243, 144, 442 
Usnea, 377, 377£ 

Ustilago, 374 

Utricularia, 73, 73f, 272, 273f 


Vactole, 147, 148Е 

Vallisneria, 122, 122f, 149, 511 

Valvate, 108, 104f 

Vanda, 10, 37, 37f, 75 
Vangueria, 59, 80 

Variation, 477, 480 

Varieties, - 428 

Vascular bundles, 200-3 

Vaucheria, 303, 304f, 335-38 

Vegetable marrow, 450 

Velamen, 10, 37, 37f 

Velum, 372 

Venation, 62-5 

Venter, 390, 398 

Venus’ fly-trap, 270, 271 

Vernonia, 453 

Versatile, 107, 107f 

Verticillaster, 90, 90f 

Vessels, 186-7, 187f 

Vetiveria, 471 

Vexillary, 104, 104f, 444 

Vexillum, 101, 102¢ 

Victoria amazonica, 310f, 311, 437 

Vigna sinensis, 44% 

Vinca, see periwinkle 

Vine (Grape-), 6, 49; Balloon-, 49, 
49f, 129; Wild-, 35, 68 

Virgin's bower, see Clematis 

Viruses, 344-46 

Viscum, see mistletoe 

Vitalistic theory, 257 

Vitamins, 290-1 

Vitis pedata, 62, 69f; y. trifolia, 35 
68; V. vinifera, see vine (Erape-) 


INDEX 


Vivipary, 26, 26f, 316, 316£ 
Volxox, 325-28 


Wall flower, 86, 439 

Wall pressure, 246 

Waste products, 170-74 

Water chestnut, see Trapa 

Water culture expts., 236-7 

Water hyacinth, 47, 57, 57f, 175 

Water lettuce, see Pistia 31 

Water lily, 98, 98f, 99f, 114, 4 
437£ Giant-, 310f, 311, 437 

Wax plant, see Hoya 

Wedelia calendulacea, 458 

Wheat, 20, 85, 471, 493-94 

Wind flower, 488 

Withania somnifera, 456 

Wolffia, 52, 310 

Wood, see xylem; fibres, 187 

Wood-apple, 30, 69, 448 

Wood-oil tree, see Dipterocarpus 

Wood-rose, 455 5s 

Wood-sorrel, see Oxalis; Sensitive". 
see Biophytum 


Xanthium, 148, 144f, 453 
Xanthophyll, 154, 155 
Xerophytes, 812-14 
Xylem, 186-7, 200-1 


Yam, see Dioscorea 
Yeast, 180f, 181, 857-61 
Yucca, see dagger plant 


Zea mays, see maize 
Zingiberaceae, 467-68 


Zingiber spp., 467 


Zinnia, 87 452 

Zizyphus, 60, 60f, 64 
Zoophily (-lous), 123 
Zoospore, 303, 323, 330 
Zygomorphic, 98, 100 А 
Zygospore, 305, 330, 333, 35 
Zymase, 985, 861 
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